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AUTHOR'S   PREFACE. 

THIS  book  is  an  attempt  to  apply  the  results  of  colloid  research 
to  biology.  The  reader  may  find  the  undertaking  somewhat  bold, 
since  the  number  of  facts  are  so  few,  and  the  gaps  so  numerous  that 
a  complete  picture  is  impossible.  I  find  myself  somewhat  in  the 
position  of  a  palaeontologist  who  wishes  to  reconstruct  the  ancestry 
of  the  entire  organized  world  from  some  chance  fragments.  Each 
day  brings  new  finds  which  must  be  fitted  into  his  plan  and  which 
confirm  his  views  or  show  that  he  has  been  on  a  false  trail.  From 
the  nature  of  things,  it  happens  that  I  must  more  often  indicate 
problems  than  report  experimental  results.  This  probably  will 
prove  a  stimulus  to  those  who  wish  to  take  active  part  in  the  de- 
velopment of  our  young  science. 

I  wish  to  state  one  additional  fact:  it  was  not  my  purpose  to 
make  this  book  exhaustive.  I  have  endeavored  to  give  a  general 
view,  and  since  the  work  is  addressed  to  biologists  and  physicians  as 
well  as  colloid  investigators,  I  have  striven  to  give  a  clear  picture  of 
the  subject,  disregarding  moot  questions.  —  On  this  account  the 
"  Introduction  to  The  Study  of  Colloids  "  was  abbreviated  as  much  as 
possible  without -danger  of  obscuring  the  subsequent  parts.  — Those 
who  wish  to  study  more  thoroughly  pure  colloid  chemistry,  I  refer 
to  the  excellent  books  of  Herbert  Freundlich  "  Kapillarchemie " 
Leipzig,  1909,  and  Wolfgang  Oswald  "Grundris  der  Kolloidchemie," 
Dresden. 

Accordingly,  in  the  arrangement  of  the  first  part,  I  have  not  fol- 
lowed the  usual  system,  but  have  been  guided  by  a  desire  to  make 
easy  of  comprehension  the  matters  most  important  to  biologists  and 
physicians.  On  this  account  I  have  considered  it  advisable  to  de- 
vote considerable  space  to  the  "Methods  of  Colloid  Research.7 ' 

Some  new  unpublished  experimental  data  of  my  own  and  some 
placed  at  my  disposal  by  others  have  been  included. 

It  is  finally  my  privilege  to  thank  all  those  who  have  helped  me 
in  the  preparation  of  this  book,  particularly  Professors  H.  Apolant, 
R.  Hober,  H.  Sachs,  and  Dr.  H.  Siedentopf.  I  am  especially  in- 
debted to  my  dear  friend,  Professor  Richard  Lorenz,  with  whom  I 
have  discussed  some  of  the  chapters,  and  to  Dr.  and  Mrs.  Ziegler, 


win*  undertook  not  only  the  laborious  task  of  reading  the  proofs  hut 
also  checked  hack  the  index,  pagt*  for  page.  I  uiu  also  grateful  U> 
my  pui»lishi»rr  Mr.  Theodor  Stt»iukopfT,  who,  by  iutt^Ugt^at.  tHx'ipera- 
tiou  was  «>f  gri'at  assistance  to  me. 
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TRANSLATOR'S  PREFACE 

THE  translation  of  the  first  edition  of  this  book  was  in  hand  when 
Professor  Bechhold  announced  the  preparation  of  a  second  edition. 
The  translation  was  therefore  delayed  awaiting  that  issue  in  order  to 
bring  the  volume  up  to  date,  and  embody  data  obtainable  from 
recent  literature. 

The  proof  sheets  were  received  in  1915  and  1916,  but  the  transla- 
tion and  revision  were  again  delayed  by  occupation  connected  with  the 
prosecution  of  the  War.  (Local  Board  Membership.) 

The  translator  hopes  that  Professor  Bechhold's  presentation  of  the 
colloid  chemical  problems  of  biology  and  medicine  will  serve  to  stim- 
ulate greater  interest  in  colloid  chemistry  among  physicians,  biolo- 
gists, and  bio-chemists.  His  own  reward,  he  has  already  found  in 
the  interest  attached  to  interpreting  the  every-day  problems  of  prac- 
tice from  this  angle. 

1 1  is  to  be  expected  that  the  application  of  colloid  principles  to  the 
phenomena  of  life  will  lead  to  new  and  more  rational  theories  of  their 
disturbances,  and  it  is  hoped  that  an  improved  practice  of  medicine 
will,  eventually  result  The  pages  of  this  book  indicate  the  begin- 
nings already  made  and  suggest  future  studies. 

The  translator  acknowledges  his  debt  to  Dr.  B.  Michaelovsky  for 
assistance  with  the  translation;  to  Mrs.  D.  D.  Pool  for  the  author 
index,  and  to  his  publishers,  Messrs.  D.  Van  Nostrand  Company,  for 
their  friendly  co-operation. 

His  debts  to  his  friend,  Jerome  Alexander,  he  is  unable  to  enu- 
merate. He  owes  to  him,  not  only  his  introduction  to  colloid  chem- 
istry, but  never  failing  stimulation,  encouragement  and  assistance 
with  the  translations  and  the  proof-reading:  Any  merit  the  work 

possesses  is  due  to  his  collaboration. 

J.  G.  M.  B. 

February  15,  1919. 
02  WKHT  EH;IITY~SEVENTH  STREET, 

NEW  YORK  CITY. 


THIS  TRANSLATION  IS 

DEDICATED  WITH  AFFECTIONATE  GRATITUDE 
TO   MY    SISTER 

EMILIE  M.  BULLOWA,  L.L.B 
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PART  I. 
INTRODUCTION  TO  THE  STUDY  OF  COLLOIDS. 


COLLOIDS  IN  BIOLOGY  AND  MKDLOINE 


OlIAITUR   I. 
WHAT   ARE    COLLOIDS? 

IN  spite  of  the  fact  thai  they  have  a  much  wit  lor  distribution  than 
crystalloids,  it  is  only  a  littlo  ovor  fifty  yoars  that  colloids  have  been 
scientifically  studied.  Plants  and  animals  and  all  tho  things  we  manu- 
facture1 from  them,  such  as  our  clothing  and  tho  greater  part  of  our 
household  goods,  are  colloids.  In  the  year  I  SO  I,  THOMAS  (IRAUAM,*  l 
nn  Englishman,  called  attention  to  the*  fact  that  there  wore  substances 
which,  when  in  solution,  diffused  through  parchment  membranes  (dia- 
lyscd).  These  ho  called  crystalloids  because  the  soluble  erystallixablo 
substances  (<•.{/.,  sugar  and  salt)  possess  this  property  to  a  marked  de- 
gree. Substanc.es  which  wore  hold  back  by  parchment  membranes 
he  called  colloids,  "glue-like,"  because  glue  was  the  most  character- 
istic of  this  group.  lOvory  discoverer  of  a  now  fundamental  principle 
is  easily  led  into  exaggerations;  it  so  happened  with  OKAUAM  who 
opposed  crystalloids  to  colloids  as  "two  distinct  worlds  of  matter," 
though  we  know  now  thai,  all  sorts  of  transition  stages  exist. 

In  succeeding  years  very  few  investigators  concerned  themselves 
with  colloids.  Tho  very  fruitful  development  of  organic,  chemistry 
occupied  the  attention  of  investigators,  who  neglected,  as  less 
important,  a  field  which  promised  fewer  immediate  results.  Only 
in  the  beginning  of  the  now  century  was  there  a  revival  of  interest 
in  colloid  chemistry. 

Wo  shall  not  follow  tho  historic  development  further,  but  shall 
give  a  description  of  colloids  in  accordance  with  tho  present-  state  of 
the  science.  It  must  be  noted  at  tho  outset  that,  oven  to-day,  tho 
behavior  of  a  dissolved  substance  towards  a  partitioning  membrane, 
that  is,  inability  to  diffuse  through  it,  is  tho  chief  characteristic  of 
a  dissolved  colloid. 

Many  colloids  form  with  liquids,  especially  with  water,  a  more  or 
loss  fluid  solution.  (Tho  term  dispersion,  is  preferred  by  ARTIIUH  W. 
THOMAS  in  a  recent  discussion  on  Nomenclature.  Science,  N.  S., 
Vol.  XLVII,  No.  1201,  p.  10.  Tr.j  This  solution  is  culled  a  wt  (from 

1  An  *  after  nn  author\s  juune  refers  to  the  reference  in  the  index  of  authorw. 
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solntio  ":  solution*.  We  speak  o.f  silver  sols,  albumin  sols,  etc.  Tae 
dissolved  substance  in  a  *ul  may  by  various  means  be  separated  in  an 
amorphous  form  that  ivtains  more  or  less  water.  This  form  is  called 
a  tjt'l l  i  from  similarity  to  gelatin'1.  If  we  add  salt  to  a  solution  of 
colloidal  silver,  we  obtain  a  black  sediment  containing  very  little 
water,  the  silver  i^*!,  If  we  boil  a  serum  solution,  tin*  entire  mass 
stolidities  to  a  jelly  that  dues  not  allow  a  separation,  of  water  and 
albumin,  the  albumin  gel. 

Sols. 

As  the  researches  of  CiiutiAM  have  already  shown,  sols  in  general 
an*  substance>  which  subdivide  in  their  solvents  into  relatively 
large  particles  or  which  possess  very  large  molecules,  so  large  that, 
in  contract  with  the  molecules  of  water  or  crystalloids,  they  are  un- 
able to  pjtxs  through  the  pmvs  c»f  an  animal  skin  or  a  parchment 
membrane.  < 'hemical  urouwis  indicate  that  albumin  possesses  a 
very  large  molrctile,  Kvvfi  though  we  were  to  assume  that  it  split 
into  single  luolt-culev  in  aqueous  sulution,  these  are  so  large  that 
they  are  tiiutblc  t*»  pav'---  ttiruiiyji  an  animal  or  vegetable  membrane. 
Accord! fti/jv,  the  intact  membranes  of  the  organism  protect  it  from 
loss  of  albumin:  »mlv  in  pathological  conditions  as  in  diseases  of  the 
kitiwyN  dt»r>  albumin  p.'i'-s  thn»ugh. 

Suh^lnttrrH  lilt-  nlbmninr  ^ohiblt*  stun-hes*  etc.,  are  to  a  certain 
r\t**nt  iuherrutly  ctillnitN.  Mvrry  furtlier  subtlivision  of  the  eolloid- 
allv  fli^^olvi'd  particle^  would  have  to  he  associated  with  a  splitting 
of  the  wnleculi*.  uitd  the  frugnirnt^  sire  certainly  no  longer  albtunin, 
but  ull»mn«*^«N,  poly pfpt ids  niniiui-neids,  etc. 

If  }N  tilliertti^r  in  tin4  c;i.sr  of  certain  artificial  colloids.  Accord- 
ing to  (I,  BfiMitt;  nitd  fl'u.  SvKhtif'iuo,  gold,  silver,  platinum  and 
iilln-r  metals  tnuy  be  i4ei*trit.'»i.!ly  pulverized  tmder  water  or  in  organic 
fluid"*  U%.»/.,  i'"'f>iiiityl  ulcnhoh.  According  t-t>  <5.  WKUKLIN,  silica, 
vanadir  itriil,  aiul  tiiher  ^tib^taiices  may  by  mere  trituration  be* 
mlueed  to  NUN|»*'ir-t*tU's  \vhu^r  particles  are  so  small  that  they  can- 
nut  l»i*  reci»gni/i<ii  inirrtisCMjHeaUy.  If  the  electrical  pulverisation  is 
nccuiuplisheti  in  water  which  is  practically  free  from  electrolytes,  we 
obtain  H  *ohiti«»n  which  is  red  in  the  ease  of  gold,  brown  in  tin*  cu.se 
til"  silver,  and  t^rreuisit  black  with  platinum.  These  solutions  remain 

J  Miiny  rrrrjif  jiiiflpii""!  jtyiit"  '^.t-r'  anil  "jflly"  wyjuuiyinous.  It  HIM*I»H 
fifrfVnibl*'  tn  ii«»-  t»»  li^i"  thr  f\j»r»';"'i»»n  4>,*4"  for  thi*  grrHT.'iI  i'on»pr«*h«'n«ivr 
|ih«'ii»«ii}rnim  n\it\  to  fmrrvi*  flir  \\f»r»t  "jrlly"  fur  the  gclatini/tittou  of  a  hyilro- 

pttii*'  »*i*u«n»i. 

7  \\  h*-!i  I  r*'f»T  f»»  :-*!i»t»iiift,  1  tu«'uti  alhuiitin  uhsuhitely  tinnplif,  wln*tlM*r  it 
!«'  I'Kg  ,*!i»?ij{i!it  *»r  K!*»!ai!iii»  i't»v,  a,?*  «»|*puji«'«l  tu  uiimmu.si'.s  wlurh  .'trr  cl;wHiii««tl 
iw  tiUmitiitti  in  M«>m«'  t»-xili«M»Ki*p 
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unchanged  for  mouths  provided  they  are  preserved  in  Jena  glass, 
which  yields  no  electrolytes  to  water.  These  colloidal  gold,  silver  or 
platinum  solutions  consist  of  more  or  less  line  metal  particles,  each 
of  which  often  comprises  thousands  of  metal  molecules.  By  varying 
the  strength  and  tension  of  the  current,  finer  or  coarser  particles 
may  be  obtained. 

Gold,  silver  and  other  sols  have  been  prepared  from  gold,  silver 
and  other  salts  by  chemically  liberating  the  metal.  According  to 
the  method  of  preparation,  the  metal  is  obtained  in  a  more*  or  less 
fine  state  of  subdivision.  If  the  metal  sol  is  once  produced  it  is 
impossible  by  the  solvent  alone  to  make  the  particles  still  smaller 
(without  using  chemical  means).  Unlike  albumin  they  do  not  havo 
the  tendency  to  disintegrate  of  themselves  in  the  solvent.  We  can 
accordingly  call  them  artificial  colloids,  because  they  can  bo  brought 
into  such  fine  subdivision  only  by  artificial  moans.  If  one  wore  to 
further  subdivide  the  molecules  of  such  artificial  colloids,  the  mole- 
cule would  remain  intact;  gold  would  remain  gold,  and  silver,  silver. 
II.  ZsKiMONDY  *  has  prepared  gold  solutions  so  finely  subdivided 
that  they- approach  molecular  dimensions,  and  Tu.  SVKDHMIKJ  has 
shown  that;  with  those  gold  sols,  and  also  with  selenium  sols,  the 
finer  the  subdivision,  the  nearer  those  substances  approach  in  color 
and  light  absorption  their  respective  molecular  solutions.  In  general, 
however,  the  artificial  sols  which  (tan  bo  soon  in  the  ultramieroseopo 
consist,  of  much  coarser  particles  than  the  natural  sols. 

While  the  chemical  constitution  of  inorganic,  colloids  is  revealed 
by  their  method  of  preparation,  nothing  was  known  concerning  the. 
constitution  of  natural  organic,  colloids  until  1913,  when  KMIL  Fisrinou 
succeeded  in  synthetically  preparing  organic  colloids  resembling 
tannin  and  having  molecular  weights  above -tOOO.  Exact  knowledge 
of  the  chemical  constitution  of  those  substances  will  reveal  much  to 
colloid  research. 

Suspension,  Emulsion,  Solution. 

By  Mixpcmion  we  mean  the  floating  of  a  powder  in  a  fluid,  e.y*, 
clay  in  water.  An  cmidm'.on  is  the  minute  division  of  one  fluid  in 
another  with  which  it  does  not  mix,  /•.(/.,  oil  in  milk  or  water.  Tho 
smaller  the  particles  of  the  "dispersed  phase"  l  (of.  p.  11)  of  the  clay 
or  the  fat,  the  longer  it  takes  for  them  to  separate.  Such  a  suspen- 
sion or  emulsion,  in  which  the  dispersed  phase  is  easily  distinguished 

1  Portions  of  a  structure  separated  from  each  other  by  physical  surfaces  arcs 
called  phaw.it  (Wiui.  (  )ST\VAM>).  A  mixture  of  oil  and  water  contains  two  phases. 
Oil  is  one  phase  ami  water  the  other.  Dispersed  means  scattered,  distributed. 
In  the  above  examples  oil  or  e.lay  is  the  "dispersed  phase." 


microscopically,  iu;iy  ia^t  months  and  even  years.  Only  about  a 
decade  ago  there  wa*  an  animated  dismission  as  to  whether  the  known 

inorganic  colloids  such  as  colloidal  silver,  gold,  arsenic  sulphitl, 
Prussian  blue,  etc.,  were  suspensions  or  true  homogeneous  solutions. 
Some  evidence  was  against  their  being  considered  homogeneous 
solutions  other  c*\idenc*%  however,  favored  this  view.  Mieroscopi- 
rally,  they  >eetned  entirely  homogeneous,  and  they  could  not  he 
.separated  from  their  solvents  by  mechanical  means  (lilt ration  or 
centrifugal  ion  >. 

It  was  only  by  means  of  the  ultnimicnwupt't  invtnited  hy  II. 
SiKi>KN'n»tM-'  and  U,  X>i«;\iuNiiv  (11HKVK  that  it  was  convincingly 
shown  that  they  uere  suspensions  and  not  homogeneous  solutions. 

After  this  point  was  .settled,  the  further  question  arose  us  to 
whether  gelatin,  albumin  >ot  and  like  substances  were  to  hi*  cnn- 
.sidered  true  .solutions.  I'nder  the  ultramic'roseopc\  they  also  showed 
tiny  particles,  which,  however,  were  by  no  means  as  numerous  as 

wi|;ht    lutVr  been  expected,       Kvidrntly   most    of   them   Were  invisihh*, 

and  it  \viis  uncerfaii!  \\heilier  this  was  due  in  t»oniliti<»ns  of  refrac- 
ttoiu  o-r  whether  tlie  larger  part  of  tlu»s(»  substances  wits  in  true  solu- 
tiuiu  Thin  quf^lion  \vas  >ettl«*d  by  the  method  of  utlnifdlntlinn 
in\'etifed  l»y  !l,  Iit;fitiit»Lii  in  lUtH>.  Hy  a-  sufficiently  impermeable 
jelly  tiller  nilti'njUtft'^  that  K  by  a  purely  mechanical  process,  he  was 
able  to  srjumite  '-liliiliuii^  nt*  albumin,  gelatin,  en/.ymes»  toxins,  etc,, 
from  their  uqtieou->  ^«»lvrnt.  Nt»t  only  did  albumin,  gelatin,  etc., 
prove  in  he  NtiNpfn^ton.v  ur  etmitsitins,  but  in  addition,  substances 
\vho*»*  true  Mihtbility  lunl  hardly  bren  t|uesti«jned,  *-,</.,  most  of  the 
:iliwmo*«4"*  and  t*v«»n  ilrxtrin  whose  nu>lecular  weight  had  been  placed 
at  about  tlltHJ,  and  which  had  practically  been  classified  us  a  crys- 

tnlluitl. 

It  U  uNo  pitMMbli*  to  aecumplish  such  a  separation  !»y  means  of 
Crntrlfutjntintt.  Uv  r»-nt rifii^at ion  at  i»BiMH)  revolutions  per  minute, 
1L  Iii-;eiitp»i4»  >rp{intt«'ii  rolftiidal  silver  sols  ifollur^ol'l  into  coarser 
mid  liner  piirtit'lf-,  II.  KJUKI>KSTHAL  has  recently  constructed 
ci'iitrifugi's  turning  fn>m  10,(MH)  to  lidJHJO  revolutions  per  minute, 
by  means  of  tthtclt  he  run  '^eparale  I  IK*  casein  fnnn  rows'  milk. 

We    UttHt    liefr    fefrr    to    tile    definition    for    '*  homogeneous"    anil 

<4ltomoKe$it't»yv  solution fi  givt'n  by  !!.  \V.  li.vKiitis  Htn»/,KHoM,  wluw 
prematuiv  deitfh  we  hiiiienf :  *'We  call  a  system  homogeneous,  if  ail 
its  ntecban'tniity  M*j«iniH<+  purtirlrs  ptissi^s  ///*•  .*•;//////•  composition  and 
the  siw«*  phy-ical  j»n»prrtirs.  Tht*n'fori',  this  liomogtnieity  of  ron- 

Ntitufiu-ii  r\i"4N  in  ?i  wrll-niixinl  liquid  only  because  of  the  sinallness 
of  inolrrulrs  and  the  cuar>i*ness  of  tttir  means  of  observation.'* 

We  cannot  .sneak  of  a  definite  snttiltllitu  In  respect  to  .suspensions 
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and  emulsions,  for  within  certain  limits,  we  are  able  to  suspend  as 
much  clay  or  emulsify  as  much  fat  as  we  wish;  the  "finer"  the  clay 
or  the  fat  is  subdivided,  the  more  "dissolves."  The  same  thing 
holds  for  colloids,  which  are  characteristically  different  in  this  re- 
spect from  crystalloids,  the  latter  having  a  sharply  defined  solubility. 

As  a  matter  of  fact  we  can  get  "supersaturated  solutions"  of 
crystalloids,  and  certain  small  additions  increase  the  solubility  dis- 
proportionately. Such  additions  (#.{/.,  albumin,  alhumoses,  gclatosc, 
dextrin)  when  employed  in  the  ease1,  of  suspensions  and  colloids,  are 
called  protective,  colloids  (sc.hutz-kolloide)  because  they  protect,  the 
lixiviated  clay  or  finely  dispersed  silver  from  separating  out. 

As  indicated,  many  of  the  pure,  inorganic;  sols,  especially  the  metal 
sols  obtained  by  electric  pulverization,  an4  very  sensitive,  to  elec- 
trolytes by  which  they  are  easily  precipitated,  whereas  on  the  con- 
trary natural  colloids  are  relatively  insensitive.  Tt  has  been  shown 
that  the  addition  of  certain  natural  sols  acting  as  protective  colloids 
gives  metal  sols,  etc.,  properties  which  cause*  them  to  approach  the 
natural  sols  in  stability.  The  inorganic  colloids  employed  in  medi- 
cine, such  as  colloidal  silver  (collargol,  lysargin),  colloidal  calomel 
(kalomelol),  colloidal  bismuth,  etc.,  are  all  stabilized  by  protective 
colloids. 

Thus  we  sec  a  complete  transition  front  the  suspension  and  emul- 
sion of  insoluble  substances,  to  the  true  solution  of  crystalloids,  where 
there  occurs  a  disintegration  by  the  solvent,  which  is  so  profound  in 
the  case  of  electrolytes,  that  they  separate  into  their  electrically 
charged  atoms  (ions).  As  everywhere  in  nature,  here  too  there  are 
no  sharp  lines  of  demarcation.  We  cannot  deny  that  at  a  certain, 
size  the  particles  possess  ilwtnaxiniiim  colloidal  properties,  especially 
those  conditioned  by  surface  phenomena.  These  properties  decrease 
when  the  particles  arc  larger,  i.e..,  if  they  approach  those  of  true  sus- 
pensions or  emulsions;  or  when  they  become  smaller,  i.e.,  if  they 
approach  the  molecular  condition. 

Tn.  SVJKDBKKO*  has  shown  that  the  light  absorption  of  colloidal 
gold  and  selenium  increases  as  the  particles  become  smaller,  reaches 
a  maximum  in  the  amioroseopie  field,  and  again  decreases  as  the 
particles  approach  molecular  dimensions.  It  is  noteworthy  also 
that  at  a  certain  degree  of  dispersion  the.  tinctorial  power  readies  a 
maximum  which  in  the  case  of  gold  is  forty  times  stronger  than  the 
powerful  color  fuchsin.  The  color  of  colloidal  gold  having  a  particle 
sisse  of  10  to  20  /x/z  is  ruby  red;  when  the  particles  are  smaller  it  is 
fuchsin  red;  but  when  the  particles  are  still  smaller  the.  color  becomes 
yellowish  red.  In  other  words  it  approaches  the  color  of  gold  salts 
(auric  chloric!)  in  which  the  gold  is  molccularly  dispersed. 
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To  recapitulate:  The  chief  characteristic  of  sols  is  the  large  size 
of  their  particles,1  which  an*  unable  to  pass  through  vegetable  or 
animal  membranes.  The  natural  size  of  the  particles  accounts  for 
this  in  the  case  of  natural  .Wx,  while  in  artificial  ,so/,s  it  is  due  to  the 
defects  of  our  teehnie,  \\hich  hitherto  has  not  permitted  our  prep- 
aration of  such  Mibstanres  in  molecular,  or  even  approximately 
molecular  subdivision. 

This  eriterion  is  only  valid  for  extreme  cases.  Between  the  un- 
doubted colloids,  r.j/.,  albumin,  and  the  undoubted  crystalloids,  r.(/., 
nmino  acids,  there  are  nil  kinds  of  transition  forms,  which  pass 
through  the  same  membranes  wore  or  less  rapidly,  r.f/.,  albumosea 
nnd  peptones.  There  is,  indeed,  nn  sharp  tine  of  demarcation  be- 
tween colloids  and  crystalloids. 

Gels. 

It  might  he  inferred  from  the  nomenclature  (colloids  and  crys- 
talloid^ that  tin*  main  distinguishing  feature  was  the  ability  or 
inability  to  cry.stnllue.  It  is  a  fact  that  most,  crystalloids,  i.e.,  sub- 
st.'uuv*  which  {in--'*-  through  membranes,  an*  crystnlli/able,  whereas 
mo>t  colloid-,  are  not  able  tu  funu  crystals  when  they  st^parate  from 
solution.  However,  fliK  U  not  a  radical  difference,  since  egg  albumin 
and  hemoglobin  \\hich  are  undoubted  colloids  may  be  obtained  in 
beautiful  crv.faN;  and  I  linvt-  further  established  by  ultndilt ration, 
the  colloidal  nature  nf  I  lit*  Mihttinns  of  the  alkaline  salts  of  the  fatty 
acid'*'  •»,*/.,  ol*'ic  acid .«  which  also  form  good  crystals.  Colloids  usu- 
ull\  i«rpnniti'  from  I  heir  solution  in  unforme<l  mass<*s  called  tjcls. 

If  the  ;,oti«i  j»h:i>e  be  separated  from  crystalloid  solutions,  it-  may 
form  either  cry-t;ih  or  a  slightly  or  even  an  <intirely  amorphous  pn»- 
cipitjite,  C  'uboiilal  tTy>tab  M-pande  from  a  solution  of  common  salt 
on  eVHporuiion  or  atlditinn  of  ulcohol,  and  crystals  of  Na^SO-t  + 
111  H;.U'  Hejtunit*-  from  solutions  of  Cll;uiber*s  salt  (sodium  snl- 
phiitei,  A  white  precipitate  of  liuriuui  snlphnte.  which  has  hardly 
any  definite  form,  ^-panites  from  u  sodium  sulphate  solution  upon 
adding  buriwu  chlorid,  A  jntihstanre  of  constant  chemical  com- 
position especially  an  regards  water  content  is  obtained  if  the  im- 
jmritie.H,  c>ij»rcinlly  the  extraneous  water,  are  removed  by  lilt  ration 
from  the  m>t:ils  or  precipitate,  To  return  to  our  example:  the 
hoiliuw  chlorid  crystals  atul  the  barium  sulphate  are  water-free, 
whereas  tlie  Hodinm  *ulphat«*  contains  10  molecules  of  water  to  one 
moletnile  t»f  NaySt*!,  but  it  is  water-free  abov<»  1M"  (  \ 

1  Hv  flit*  jui.vtjiv:r  tlif'riiiirjt  n  m«*wl»r:w<*,  I  ineun  rspecially  I>:USSJIK<-  ^H  "»'«»« 
uftlittly^'i.  In  iii:i!iv  r;n»"»  \vr  tuav  Htibst itutr  uttrnjiltrutitin,  provided  ultnifiltcrH 
nf  MiHicirtit  ti^htn*-"'i  ;u*»-  nu|il*»y*M|  (S«M*  p.  102). 
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Gels  behave  differently;  in  fact  there  are  a  number  of  colloids 
winch  separate  from  their  solution  almost  water-free.  IT  sols  of 
gold,  silver,  platinum,  arsenious  sulphiil  or  antimony  sulphid  hydro- 
sol,  prepared  according  to  the  method  of  BIUODU;  or  the  method  of 
SvEDBKHCi,  precipitate,  that  is,  separate  from  their  solutions  in  the 
form  of  flocks,  they  are  almost  free  from  water.  Many  inorganic  sols 
(i.e.,  the  artificial  ones),  and  according  to  my  knowledge  nearly  all 
natural  organic  sols,  retain  a  large  quantity  of  water  upon  separation. 

(ielatin  is  the  most  characteristic  gel;  its  aqueous  solutions  (con- 
taining only  1  per  cent  of  water-free  gelatin)  gelatinise  at  ice-box 
temperature.  Furthermore,  other  sols,  such  as  egg  albumin,  starches, 
silicic  acid,  iron  oxid,  etc.,  on  separation  in  gel  form  retain  many 
times  their  own  weight  of  water,  and  form  jelly-like  masses  in  which 
the  proportion  between  the  solid  substance  and  the-  retained  solvc.nl 
is  by  no  means  constant.  According  to  the  circumstanc.es  attending 
the.  separation,  the  amount  of  water  held  fast  in  the  gel  has  wide 
limits  of  variation.  This  is  a  cardinal  distinction.  In  accord  with 
it,  1  have  adopted  UK*  happily  chosen  nomenclature  of  ,1.  PKIUUN 
and  call  such  colloids  as  throw  down  a  practically  water-free  hydro- 
gel,  hydrophobe,  and  those  which  produce  a  hydrogel  swollen  and  rich 
in  water,  hydro  phile.  colloids.^ 

The.  (jets  of  hydrosols  (cf.  p.  11)  stabilised  by  protective  colloids 
are  somewhat  hydrophile,  because:  very  minute;  quantities  of  pro- 
tective colloid  are  sufficient  to  give  the  inorganic  sol  the  properties 
of  the  protective  colloid. 

The  Structure  of  Jellies. 

Jellies  are  formed  from  their  respective  solutions  by  such  physical 
and  chemical  changes  as  would  cause  the  separation  of  crystals  in 
the  solution  of  a  crystalloid,  c.y.,  by  cooling,  by  removal  of  water 
either  by  a  chemical  change  or  by  forming  an  insoluble:  substance  (r.f/., 
by  boiling  or  by  acidifying  an  albumin  sol).  It  is  thus  apparent  that 
jellies  are  to  be  considered  two-phased  structures. 

Two  phases  are  much  more  obvious  in  coagulated  egg  albumen 
whoso  opacity  and  white  color  suggest  a  non-homogeneity  of  struc- 
ture. Recently  BACUMANN  *  has  demonstrated  ultnunieroseopieally 
the  two-phased  structure  of  transparent  jellies  such  as  gelatin  and 
silicic,  acid.  In  gelatinizing,  it  is  evident  that  granular  Hoeeulont 

1  I  mentioned  above  thai,  as  far  as  I  know  all  natural  organic  .sols  an*  hydro- 
phile. It  might,  bo  objected  that,  epidermis,  hair,  feathers,  bark  and  numonwH 
other  vegotahle  structuros  are  deposited  from  natural  sols  and  become  very 
poor  in  water.  This  is  mot  by  the  assertion  that  when  they  are  deposited  they 
contain  much  water  and  that  the  IOHH  of  water  or  drying  out  oec,urs  subsequently. 
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and  even  crystalline  particles,  e.g.,  iu  soap  jellies,   unite  to  form 
siHWjt'likc  st  ructures. 

J.  M.  VAN  BKMMKLKN  compares  the  process  of  separation,  of 
colloids  with  the  condition,  deduced  from  the  phase  rule  govern- 
ing the  separation  of  two  fluids  not  miscible  in  all  proportions,  e.g., 
water  and  phenol,  Iu  jellies  also,  we  have  a  phase  containing  much 
colloid  and  little  water,  and  another  phase  containing  little  colloid 
and  much  water.  This  conception  of  the  structures  of  jellies  and  the 
process  of  separation  is  due  to  J.  M.  VAN  BKMMKLKN,  O.  BUTSCHU, 
\V.  B.  HAUDV,  (1.  QrisrKK,  H.  ZSHJMONDY  and  \V.  BACIIMANN. 
The  views  of  O,  Bt'TsrnLi  an*  not  accepted  nowadays.  He  main- 
tained that  jellies  aiv,  broadly  speaking,  foamy  structures  having 
microscopic  cavities  with  firm  net -like  walls  filled  with  fluid.  Such 
a  structure  can  occur  only  exceptionally. 

The  conception  of  jellies  as  spongy  structures  gives  us  a  satis- 
factory explanation  of  their  properties.  It  explains  their  solidity 
and  their  plasticity*  their  elasticity,  and  in  short,  their  various  physi- 
cal properties, 

The  above  assumption  finds  corroboration  in  another  observation, 
through  flie  fact  that  jellies  also  act  as  ultrafilters  and  consequently 
must  he  penetrated  by  lint*  capillaries  whose*  diameter  has  been 
determined  by  liiu  UHULO  (see  p.  Oil).  The  penetration  of  jellies 
by  line  capillaries  tilled  with  fluid  was  demonstrated  by  another 
observation.  U.  Burn  lit  »u>  and  .1.  ZIKULKU*  allowed  salts  which 
would  form  precipitates  with  various  properties  to  diffuse  towards 
each  other  iu  gelatin,  *•.*/..  potassium  fcrroeyanid  and  copper  sulphate 
which  form  a  copper  tVrrocyanid  membrane  entirely  impervious  to 
electrolytes;  silver  nit  rate  and  sodium  chlorid  which  form  a  silver 
eh  lurid  membrane  which  is  permeable,  for  electrolytes  if  the  osmotic; 
jnvsMU'e  is  higher  <w  one  .side  than  on  the  other.  Microscopic  sections 
through  the  membranes  formed  by  the  precipitates  prove  that  the 
gelatin  is  not  deformed,  Accordingly,  when  diffusion  ceases,  it  is 
bemuse  the  diffusion  paths  have  been  obstructed,  />.,  a  precipitate, 
hag  been  formed  in  the  fluid  phase  so  that  the  paths  are  closed  and 
of  course  the  gelatin  walls  which  contain  little  water  are  impassable 
for  elerfnilytes,  Kernelting  is  sufficient  to  reopen  the  diffusion 
paths,  ANUKKSUN  determined  a,  diameter  of  5.2 /z/z  for  the  largest 
pores  of  silicic  mud  jelly  from  the  vapor  pressure  reduction  which  a 
fluid  undergoes  in  cylindrical  capillaries. 

Fnttl  now  we  Imve  assumed  that,  sols  exist  only  as  aqueous  solu- 
tions and  that  there  nre  only  aqueous  gels.  This  is  by  no  means 
I rui*.  Kven  THOMAS  <  IUAIIAM  *  showed  that  water  could  be  replaced 
by  nlrohol  and  glycerin,  T«.  SVKDHBKG  pulverized  mimerouH  metals 
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in  organic  fluids  especially  in  isobutyl  alcohol.  R.  LORENZ  has  even 
made  metal  sols  in  red  hot  solution  (pyrosols)  by  electrolysis  of 
molten  lead  and  cadmium  salts,  etc.  To  distinguish  them  from  the 
water  soluble  hydrosols  and  from  the  hydrogels  we  call  them  organo- 
sols  or  organogels  and  according  to  the  solvent  as  alcosols,  etc.  These 
do  not  occur  in  nature  and  are  therefore  of  no  importance  to  us. 

An  investigation  of  such  colloids  as  have /a£s,  lecithin  and  cholesterin 
either  as  a  dispersing  medium  or  as  a  "dispersed  phase "  (cf.  p.  12) 
would  certainly  be  of  great  importance  to  biology  and  medicine. 
The  fact  that  fats  and  oils,  especially  mineral  oils,  may  serve  as  a 
dispersing  medium  for  colloids  has  been  mentioned  by  D.  HOLDE  * 
in  his  work  on  the  "physical  condition  of  solid  fats"  and  this  was 
confirmed  by  investigations  of  H.  BECHHOLD/  who  was  able  upon 
ultrafiltration  (through  a  toluol-glacial  acetic  acid  collodion  filter) 
to  hold  back  from  a  crude  oil  a  part  of  the  asphalt  colloidally  dis- 
solved in  it.,  Recently  C.  AMBERGER  dissolved  a  series  of  metals 
(gold,  silver,  platinum,  arsenic,  etc.)  in  lanolin.  Some  of  these 
solutions  have  therapeutic  application. 

By  ultrafiltration  H.  BECHHOLD  separated  from  commercial 
chlorophyl  the  coloring  matter  and  the  wax-like  products  which  were 
evidently  held  in  colloidal  solution. 

Protective  colloids  also  exist  for  organic  fluids.  Iron  oxid  gel  and 
iron  oxid  hydrosol,  rennin  and  trypsin,  as  well  as  albumoses  which 
are  completely  insoluble  in  chloroform,  become  soluble  in  it  with  the 
aid  of  lecithin  acting  as  a  protective  colloid. 

Thus  far  we  have  sought  to  obtain  a  picture  of  what  we  term 
"colloids77  and  now  we  shall  strive  to  elucidate  upon  what  their 
properties  depend.  In  solutions  of  colloids  and  in  gels,  we  have 
mixtures  of  solids  or  of  fluids  with  fluids.  It  has  for  a  long  time 
been  known,  that  at  the  interface  between  two  substances  which  do 
not  mix  (air  and  water,  oil  and  water,  glass  and  water)  there  occur 
phenomena,  called  surface  phenomena.  For  instance,  the  surface  of 
water  in  contact  with  air  acts  as  a  pellicle;  if  we  allow  water  to  drip, 
each  drop  reaches  a  considerable  size  before  its  weight  breaks  through 
the  surface  skin  or  pellicle  and  the  drop  falls.  This  surface  skin  is 
much  weaker  in  the  case  of  alcohol,  so  that  drops  of  alcohol  falling 
from  the  same  tube  are  much  smaller  than  those  of  water.  The  fol- 
lowing is  another  example  of  a  surface  phenomenon:  oil  forms  a 
sphere  in  a  suitable  mixture  of  water  and  alcohol;  if  we  raise  the 
specific  gravity  of  the  water  by  removing  some  of  the  alcohol,  the 
oil  rises  and  spreads  out  over  the  surface  of  the  water. 

Such  surface  phenomena  are  very  numerous;  they  are  brought 

1  Unpublished. 
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about  by  the  fact  that  different  conditions  exist  in  the  interior  than 
exist  on  the  surface  of  the  fluid  or  solid  body.  In  two-phase 
systems,  such  as  colloids,  "in  which  the  interfaces  reach  enormous 
dimensions,  surface  and  capillary  phenomena  become  most  promi- 
nent; in  fact,  they  are  in  many  ways  the  most  characteristic  phe- 
nomena of  colloids.  Two  fluids  which  do  not  mix  are  described  as 
two  fluid  " phases";  it  is  possible  also  to  speak  of  a  fluid,  of  a  solid 
and  of  a  gaseous  phase.  In  order  to  give  expression  to  the  great 
surface  development  in  a  sol  or  gel,  WOLFGANG  OSTWALD  introduced 
the  very  happy  expression  dispersed  phase.  In  a  silver  sol,  silver 
is  the  solid  dispersed  phase;  in  an  oil  emulsion,  oil  is  the  fluid  dis- 
persed phase;  in  both,  water  is  the  dispersing  medium.  Colloidal 
solutions  and  gels  are  all  dispersed  systems. 

[Of  interest  in  this  connection  is  the  work  of  G.  H.  A.  Clowes  and 
Martin  H.  Fischer.     Tr.] 


CHAPTER  II. 
SURFACES. 

WE  have  seen  in  the  preceding  chapter  that  both  colloidal  solutions 
and  jellies  are  to  be  regarded  as  two-phase  systems.  In  dispersed 
systems,  the  surfaces  of  contact  acquire  an  overpowering  importance 
by  reason  of  their  enormous  development. 

In  order  to  get  an  idea  of  the  increased  development  of  surface 
attending  progressive  subdivision,  I  give  below  a  table  taken  from 
WOLFGANG  OSTWALD: 


Edge  length 

Number  of  cubes 
occupying  a  vol- 
ume of  1  cm.3 

Total  surface 

1         cm. 

1 

6  cm  2 

0.1      cm. 

103 

60  cm.2 

0.01    cm. 

106 

600  cm  2 

0.001  cm. 

(The  diameter  of  a  human  blood  corpuscle 
is  about  0.0007  cm.)  

109 

6,000  cm.2 

1M 
O.IM 

(  =  0.0001  cm.;  diameter  of  a  small  coccus). 

10" 

1015 

6m.2 
60m2 

0.01/x 
1  MM 

(Limit  of  ultramicroscopic  visibility)  
(  =  1  millionth  of  a  mm.)   .    . 

1018 

600  m.2 

(The  diameter  of  the  finest  colloidal  parti- 
cles; limit  of  ultrafiltration) 

1021 

6  000  m  2 

0.1  A6/Z 

(Diameter  of  elemental  molecules)  

1024 

60,000  m.2 

From  this,  we  can  understand  how  small  surface  forces  may,  in  a 
dispersed  system,  become  most  important,  and  mask  other  phe- 
nomena. We  shall  proceed  to  the  study  of  the  properties  of  sur- 
faces in  the  following  pages. 

If  we  compare  a  point  A  (Fig.  1)  in  the  interior  of  a  phase,  e.g., 
a  fluid,  with  one  on  the  surface  A',  e.g.,  in  contact  with  air,  we  notice 
that  the  former  is  surrounded  on  all  sides  by  an  impervious  mass, 
whereas  the  latter,  surrounded  on  only  one  side  by  such  a  mass, 
experiences  an  attraction  to  the  fluid  phase.  The  pressure  with 
which  the  surface  layer  is  drawn  inwards  is  called  inward  attraction 
(binnendruck) . 

If  we  imagine  a  drop  of  water  to  be  on  a  surface  which  it  does  not 
moisten,  e.g.,  a  leaf,  there  is  a  pulling  towards  the  center  from  all 
sides,  which  means  that  the  drop  takes  a  spherical  form,  in  order 
that  it  may  have  the  smallest  possible  surface.  The  surface  acts 
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hke  an  elastic  skin  which  surrounds  the  drop.  If  we  drop  water 
from  u  tul  us  the  drop  develops  in  size  and  is  retained  by  its  skin 
until  the  ineroasing  weight  tears  it  away.1  We  call  this  force  which 
determines  the  tension  of  the  surface,  the  surface  tension  (cr).  A  flat 
surface  of  water  of  1  square  cm.  endeavors  to  contract  with  a  a  of 
about  0.075  gin.,  when  it  is  spread  out  like  a  soap  bubble  with  air 


<Air  interface 


Fluid 


FIG.  1. 

pressure.  Every  change  in  shape  of  the  sphere  of  water,  i.e.,  every 
increase  of  the  surface,  presupposes  work;  this  depends  upon  the 
surface  ami  (o>)  and  the  surface  tension  (<r).  Surface  energy  =  <?  •  o> 


or 


surface*  energy 


™™.^,  expressed  in  - 


dynes 


to  cm. 

There  are  many  methods  for  determining  the  surface  tension. 
Some  of  them  depend  upon  the  shape  (distortion)  which  the  sur- 
face of  a  fluid  takes;  some,  upon  the  height  to  which  a  fluid 
ascends  a  capillary;  some,  upon  the  determination  of  the  maximum 
weight  attained  by  a  falling  drop.  Detailed  descriptions  are  to  be 
found  in  every  large  treatise  on  Physics,  such  as  H.  FKEUNDLICH'S 
14  Knpillarehemie." 

A  number  of  values  of  cr  are  given  as  examples.  The  cr  of  water  is 
determined  most  frequently;  it  has  the  highest  cr  of  all  the  sub- 
stances which  are  fluid  at  room  temperature  (mercury  excepted). 
The  various  methods  give  quite  divergent  values.  The  values  given 
here  are  in.  each  case  the  surface  tension  towards  air. 


(fluul/iiir) 


( fluid /air) 


n-Butyric  acid 26. 3 

Chloroform 26 

Olive  oil 32.7 

Resin  (melted  and  solidified)  37.2-33.1 

Glue 48.3 

Shellac 36.7-30.4 


Water. 71.7-76.8 

Memiry 43(> 

Brmof, 28,8 

Kthyl  alcohol 22 

Kt-hylHhcT. 10.5 

( tlyrcTtn* 65 

Arctic  aicit I 23,5 

1  The*  romparwon  to  an  elastic  membrane,  at  best,  has  only  a  limited  applica- 
bility, MIIK-P  it  i,s  true*  that  the  surf  aces  are  enlarged  or  diminished,  yet  they  are 
not  Htretehed.  The  particles  in  the  surface  neither  separate  nor  approach  each 
other  hut  more  particles  are  forced  into  the  surface  (when  the  surface  enlarges) 
or  removed  from  it  when  it  diminishes. 
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The  gas  particles  on  the*  surface  between  fluid/air  are  affected  by 
different  forces  than  in  the  center  of  the  gas  space;  they  receive  a  pull 
in  the  direction  of  the  fluid  phase,  they  are  condensed  at  the  inter- 
face, and  in  the  surface  film,  fluid  is  constantly  changing  into  gas. 
Analogous  phenomena  occur  wherever  interfaces  are  formed,  that  is, 
at  the  interface  between  fluid/gas,  fluid/fluid  (in  the  case  of  non- 
miscible  fluids),  gas/solid,  fluid/solid,  solid/solid.  At  the  fluid/gas 
and  fluid/fluid  interfaces  we  recognize  these  forces  by  the  shape 
of  the  surface  of  contact  (concave  or  convex),  which  is  formed 
under  the  influence  of  the  surface  tension.  At  the  interface 
between  solid/gas  we  re-cognize  the  condensation  of  the  gaseous 
phase  at  the  surface  by  the  fact  that  it  is  almost  impossible  to 
remove  the  layer  of  gas.  This  is  the  reason  why  it  is  so  difficult 
to  create  high  vacua,  and  why  exhaustion  of  gas  is  undertaken  in 
the  presence  of  charcoal  which  by  reason  of  its  still  greater  surface 
removes  that  layer  of  gas  which  clings  to  the  glass  vessel.  Spongy 
platinum  acts  as  an  igniter  by  condensing  on  its  surface  gases  which 
then  unite  chemically  with  the  liberation  of  heat. 

The  surface  tension  at  the  interface*  between  two  fluids  can  be 
determined  by  the  same  methods  that  are  employed  in  the  case  of 
fluid/gas.  In  this  case,  also,  a  limiting  surface  develops  at  the 
interface  of  the  two  phases,  which  changes  with  every  variation  of 
surface*  tension. 

A  few  values  of  <r  for  fluid/fluid  are  now  given: 

cr 

Water/benzol 32. 6 

Water/oil  of  turpentine 12.4 

Water/chloroform 27.7 

Wjiter/etbyl  ether 9.69 

Wuter/isobutyl  alcohol 1-76 

Water/rosin. 19.8 

Water/olive  oil 22.9 

Alcohol/olive  oil 2.26 

Rape  need  oil  AW  albumen 7.10 

Olive  oil/ox  Kail  (!)  per  cent) 7.21 

Olive  oil/( 'untile  noup  (1/4000) 3.65 

Olive-  oil/rubber  solution 14.9-10.2 

A  method  for  measuring  the  surface  tension  of  the  dispersed  phase 
in  an  cnmlxion  is  here  described  in  some  detail,  because  it  is  too 
new  to  bo  found  as  yet  in  any  textbook  on  Physics,  and  particularly 
because  on  account  of  its  general  applicability  it  promises  to  be  of 
especially  great  importance  for  colloid  chemical  research. 

K.  HATSCHKK.  *  separated  an  oil  emulsion  into  water  and  oil 
by  moans  of  -nltraJlUration.  From  these  experiments  HATSCHBK 
deduced  the  diameter  of  drops  of  oil  and  the  size  of  pores  of  the 
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ultrafilter.  The  author  raised  certain  objections  to  these  conclusions, 
as  it  was  not  necessary  to  assume  that  the  drops  of  oil  retained  their 
form  in  passing  through  the  filter  pores;  they  might  have  been  drawn 
out  into  thread-like  cylinders,  and  their  diameter  thereby  reduced. 
As  a  result  of  the  correspondence  that  followed,  H.  BECHHOLD  pro- 
posed that  the  pressure  necessary  to  change  the  shape  of  a  sphere  of 
oil  in  a  fluid  be  estimated  and  experimentally  verified. 

E.  HATSCHEK  *  carried  out  these  calculations  and  measurements. 
The  method  of  calculation  is  in  brief  the  following:  Upon  entering  a 
capillary,  a  sphere  changes  into  a  cylinder  which  is  bounded  above 
and  below  by  a  meniscus;  to  simplify  matters  these  meniscuses  are 
regarded  as  hemispheres.  Accordingly,  let 

R  =  radius  of  the  oil  sphere, 
r  =  radius  of  the  capillary, 
then  R  =  nr; 

<j  =  surface  tension  in  dynes/cm., 

p  =  pressure  per  surface  unit  of  the  emulsion, 

g  =  980  (acceleration  due  to  gravity), 


then, 


P  = 


an 
W 


n  approximately    =  C  (n  —  1),   so  that  C  lies  between  1.8  and 

1.9.  and  we  have  the  equation  p  =  -  —  ^  -  -  ;  or,  if  we  desire  to  de- 

JKg 


termine  the  size  of  the  pores,  n  =    ~~  +  1  ;  or,  should  we  desire  to 

Ccr 

_       pRg 


determine  the  surface  tension  <r  =  -^-7 -^  - 

C  (n  -  1) 

E.  HATSCHEK  tested  the  correctness  of  the  formula  by  determining 
the  pressure  necessary  to  deform  a  sphere  of  mercury  or  oil  (nitroben- 
zol)  sufficiently  to  make  it  enter  a  narrow  capillary  and  obtained 
satisfactory  results.  To  give  an  idea  of  the  pressures  that  are  in- 
volved, let  us  consider  the  following  example:  In  order  to  force  a 
drop  of  mercury  with  a  radius  of  0.111  cm.  in  water  into  a  capillary 
with  a  radius  r,  a  water  column  of  p  centimeters  was  necessary. 


r  (in  cm.) 

p  per  cm.  of  vessel 
(calculated) 

p  (observed) 

0.0255 
0.0112 

21.9 
58.65 

20.5 
62.0-63.2 

In  an  emulsion  of  oil  in  water  in  which  the  diameter  of  the  oil  drops 
was  0.4/i,  a  pressure  of  20  atmospheres  was  required  to  press  them 
through  pores  having  a  diameter  of  75  w-  According  to  this  theory 
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it  should  be  possible  to  obtain  a  dear  or  a  cloudy  filtrate  from  an  oil 
emulsion  according'  to  the  pressure  employed.  This  assumption  was 
confirmed  by  an  experiment  of  It.  BKCIIHOLD:  When  an  emulsion  of 
oil  in  water  was  filtered  through  a  IJ  per  cent,  ultrafiltor  with  a  pres- 
sure of  6  atmospheres  a  clear  filtrate  was  obtained,  and  when  the 
pressure  was  increased  to  10  atmospheres  the  filtrate  beeame 
turbid;  with  a  decrease  in  the  pressure  the  filtrate4  became  clear 
again. 

In  my  opinion  the  greatest  importance  of  the  method  lies  in  the 
ability  to  measure  the  surface  tension,  of  small  fluid  or  semifluid 
structures  (<'.{/.,  blood  corpuscles)  and  to  deduce  from  such  determi- 
nations entirely  now  points  of  view  concerning  the  passage  of  fluid 
or  semifluid  structures  through  membranes. 

Let  me,  point  out  another  idea  which  forces  itself  upon  me:  namely, 
that  the  sphere  is  the  form  most  readily  induced  by  surface  tension. 
If  a  solid  substance  separates  from  a  fluid  as  a  rn/.s/a/  we  must 
recognize  that  certain  forces  tending  to  increase  the-  surface  are 
opposing  the  surface  tension.  But  we  know  from  the  microscopic 
study  of  crystal  formation  that  spherical  structures  usually  appear 
first;  later,  crystalline  forms  with  rounded  corners,  and  only  in  the 
later  stages  true  crystals.1  There  must  be  a  certain  relation  between 
mass  and  surface*  in  order  that  the  solid  phase  may  bo  elevated 
above  the  surfaces  bounded  by  pianos  in  defiance  of  the  surface 
tension.  If  the  surface  is  too  great,  in  proportion  to  the  mass,  Ilia 
surface  tension  overcomes  the  crystallizing  forces.  Since  it-  is  possi- 
ble to  estimate  the  increase  in  surface  acquired  by  the  identical 
substance  in  changing  from  a  spherical  form  to  a  crystal,  and  further, 
to  observe  the  smallest  quantity  of  a  substance  which  can  become 
crystalline1,  it  becomes  possible*  to  solve  many  problems,  sueh  as,  the* 
effective*  forces  of  crystallization,  the  surface*  tension  which  solid  bodies 
exert  against  their  solutiems,  anel  the*  decreased  eaparit  y  to  crystal- 
lize in  the  pn*se*nee*  of  colloids. 

A  drop  of  oil  sptvads  out  over  the*  surface*  of  water.  This  oeeurs  bo- 
cause  the*,  surface*  tension  of  water  acting  against  oil  is  less  than  the 
surface*,  tension  of  the*  \vate*r  acting  against  air  minus  the*  surface* 
tension  of  the  oil  acting  against  air.  (The  explanation  of  this  LH 
given  in  all  the  larger  text  books  on  Physios.) 

<r  water/air       >        <r  water/oil       +       <r  oil/air 
75  >       22.9  +       32.7. 

1  Bibliography  in  \Vo.  OHTWAU>,  "  Handbook  of  Colloid  ChfmiNtry,"  tnm-i.  l»y 
Fischer,  Oesper  and  Herman,  Phila.,  1015. 
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Expressed  in  general  terms,  this  means  that  a  fluid  2  spreads  itse 
on  the  free  surface  of  a  fluid  1,  if 


ffl  =  surface  tension  of  fluid  1  acting  against  air. 
cr2  =  surface  tension  of  fluid  2  acting  against  air. 
ffl/2  =  surface  tension  of  fluid  1  acting  against  fluid  2. 

Similarly,  a  fluid  3  spreads  over  the  common  boundaries  of  tw 
fluids  1  and  2,  whenever 

0"l/2  >  0*2/3  —  0*3/1' 

This  phenomenon  is  of  the  greatest  biological  interest,  because  i 
follows  that  many  fluids  must  spread  out  on  the  boundaries  of  othe 
fluids  or  solid  bodies  and  form  films,  and  further,  that  solid  particles 
suspensions  and  colloids  must  collect  on  surfaces,  according  to  con 
ditions.  The  diminution  of  surface  tension  between  two  surfaces  i 
the  forerunner  of  mixing  or  solution;  there  exists  no  surface  tensioi 
between  two  readily  miscible  fluids.  We  shall  discuss  the  distribu 
tion  of  dissolved  substances  on  interfaces  more  fully  on  page  33  ii 
the  discussion  of  surface  pellicles.  We  shall  see  that  nuinerou 
organized  structures  and  indeed  the  movement  of  protoplasm  am 
of  the  lower  animals  are  derived  from  this  phenomenon  of  surfaci 
tension.  It  is  the  monumental  service  of  G.  QTJINCKE  that  he  showec 
the  connection  between  the  purely  physical  processes  and  the  phc 
nomena  of  animate  nature. 

The  surface  tension  of  solids  is  deduced  from  the  fact  that  find] 
divided  particles  are  more  easily  and  rapidly  dissolved  than  coarse 
ones;  it  also  explains  the  fact  that  artificial  hydrophobe  colloids  ar< 
produced  only  in  a  dispersing  medium  in  which  they  are  wholly  in 
soluble  (see  p.  .73).  The  slightest  solubility  permits  them  to  pas 
from  the  dispersed  phase  into  coarser  particles.  Only  to  a  limitct 
extent  is  it  possible  directly  to  measure  the  surface  tension  of  solic 
bodies.  ROENTGEN  measured  the  <r  for  rubber/air  and  rubber/watei 
and  TANGL*  tested  a  new  method  on  the  interfaces  of  rubber/wata 
and  paraffin/water.  The  basis  for  the  method  is  that  a  tube  of  the 
substance  to  be  tested  (rubber  or  paraffin)  undergoes  a  change  ir 
shape  when  it  is  plunged  from  the  air  into  a  fluid  (water). 

Interfaces  of  Solutions.  Whenever  substances  are  dissolved  ir 
one  or  both  phases,  there  is  usually  a  difference  between  the  con- 
centration  on  the  surface  and  on  the  interior.  These  changes  it 
concentration  at  the  surface  are  termed  adsorption.  A  substance  bo- 
comes  concentrated  upon  the  surface  if  it  reduces  the  surface  tension 
This  is  the  most  usual  adsorption  phenomenon. 
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game  salts  increase  the  surface  tension  of  water  and  they  are,  ac- 
cordingly, less  concentrated  at  the  surface  than  in  the  interior  of 
the  solution.  This  latter  occurrence,  negative  adsorption,  is  of 
significance  for  the  distribution  of  salts  in  cells,  as  will  be  shown  on 
page  25. 

" Adsorption/7  which  is  of  the  greatest  significance  in  colloid 
research,  will,  in  the  subsequent  paragraphs,  be  considered  from  the 
standpoint  of  the  distribution  of  a  dissolved  substance  between  two 
phases.  In  this  connection  also  reference  should  be  made  to  page 
33  (surface  pellicles). 

CHEMICAL  COMBINATION,   SOLUTION,  ADSORPTION. 

We  have  seen  that  colloids  are  diphasic  systems,  and  the  ques- 
tion must  arise  as  to  how  a  third  substance  will  be  distributed  between 
the  two  phases.1 

Chemical  Combination. 

If  we  take  as  the  dispersed  phase,  a  suspension  of  calcium  carbon- 
ate (precipitated  chalk)  in  water,  this  will  represent  the  solution  of  a 
hydrophobe  colloid.  If  we  add  sulphuric  acid  to  the  suspension,  the 
acid  will  be  immediately  and  completely  bound.  It  is  impossible  to 
detect  free  sulphuric  acid  in  the  suspension  by  any  reagent  if  any 
calcium  carbonate  still  remains  in  the  suspension.2  If  we  continue 
with  the  addition  of  sulphuric  acid,  a  point  will  suddenly  occur  when, 
no  matter  how  much  is  added,  sulphuric  acid  is  no  longer  bound  by 
the  chalk;  all  the  excess  remains  in  the  water.  We  are  accustomed 
to  say  that  a  chemical  reaction  has  occurred  between  the  calcium 
carbonate  and  the  sulphuric  acid  and  that  there  is  a  chemical  union 
of  Ca  and  S04.  Ca  unites  firmly  with  a  definite  quantity  of  S04. 
We  may  add  as  much  water  as  we  want;  it  cannot  abstract  any 
S04from  the  CaS04.  The  process  is  irreversible  (cannot  be  reversed), 

Solution. 

If  we  emulsify  carbon  disulphid  in  water,  and  add  a  little  bromin, 
the  entire  fluid  is  colored  brown.  If  we  allow  the  carbon  disulphid 
to  settle,  the  water  is  light  brown  and  the  carbon  disulphid  is  colored 

1  In  this  instance  "  distribution' '  is  used  in  the  most  general  sense,  though  in 
physical  chemistry  it  is  employed  only  to  indicate  the  distribution  of  a  sub- 
stance between  two  solvents. 

2  Although  the  formation  of  salts  on  mixing  dissolved  acids  and  bases  results 
with  infinite  rapidity,  it  takes  an  appreciable  time  in  the  case  of  colloid  solutions 
(and  of  course  with  coarse  suspensions).    VORLANDER  and  HABERLE, 
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dark  brown.  The  more'  bromin  we  add,  the  darker  both  the  wat< 
and  the  carbon  disulphid  become;  the  latter,  however,  is  alwa; 
more  darkly  colored  than  the  former.  If  we  study  the  proce; 
quantitatively,  the  following  becomes  evident:  if  in  a  given  case  tl 
concentration  of  the  bromin  in  the  carbon  disulphid  is  c(carbc 

x     ,.        c  (carbon  disulphid) 
disulphid),  in  the  water  c(water),  then  -  J^ter)  -   =  '' 

that  is,  the  relative  distribution  of  the  bromin  in  a  given  case  is  n. 

If  we  double  the  quantity  of  both  carbon  disulphid  and  of  wat< 
and  then  test  the  quantity  of  bromin  in  the  fluids,  we  shall  find  the 
in  both  the  concentration  has  fallen  to  half  and  that  the  distributio 
continues  to  be  n.  If  we  double  the  quantity  of  water,  its  color 
only  slightly  less  intense,  because  bromin  enters  the  water  from  tli 
carbon  disulphid.  If  we  now  measure  the  bromin  content  of  the  tw 
fluids,  we  shall  find  ac(carbon  disulphid)  and  in  the  water  6c(watcr] 
that  is,  gc  (carbon  disulphid)  __ 

be  (water) 

No  matter  how  we  vary  the  quantity  of  solvent  or  of  bromin,  th 
apportionment  of  bromin  is  always  n.  We  may,  therefore,  say  tha 

£ 

n  is  a  constant  and  express  it  -  =  k. 

This  equation  is  characteristic  for  the  distribution  of  a  syfostanc 
between  two  phases  in  which  it  is  soluble.  The  process  is  reversible 
it  is  in  labile  balance.  The  law  of  distribution  was  formulated  b; 
M.  BERTHELOT  and  JUNGFLEISCH  in  1872,  though  we  still  frequentl; 
refer  to  HENRY'S  Law  of  Distribution.  Strictly  speaking,  this  ex 
pression  applies  only  to  the  distribution  of  a  gas  between  a  flui( 
and  a  gaseous  phase  (proportionately  to  the  pressure). 

c 
The  distribution  -  =  k  applies  only  in  case  the  molecular  weigh 

£1 
of  the  dissolved  substance  is  the  same  in  both  solvents.    If  this  ii 

^ 
not  the  case,  the  equation  becomes  —  =  /c,  in  which  a  and  6  expres; 

the  difference  in  the  molecular  weight  in  the  two  solvents.1  W 
NERNST  has  formulated  the  law  of  distribution  in  this  way.  Foi 
example,  benzoic  acid  in  water  has  a  simple  molecular  weight,  bui 
in  benzol  it  exists  mostly  in  double  molecules.  In  order  to  ex- 


press this,  the  equation  of  distribution  becomes  J,  =  /Ct 

vc  (benzol) 
1  [Prof.  J.  L.  R.  MORGAN  suggests  that  a  better  form  would  be  the  following: 


where  x  is  the  ratio  of  the  molecular  weight  in  solvent  (2)  to  that  in  solvent  (1) 
sx^±xs      and 
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Adsorption. 

With  colloids  in  particular  there  occurs  a  third  possibility  of  dis- 
tribution, wherein  the  surface  comes  into  play  rather  than  the  total 
mass  of  the  dispersed  phase.  The  condition  of  distribution  which 
we  are  about  to  describe  is  called  adsorption.  Suppose  we  suspend 
in  water  a  substance  which  we  may  assume  does  not  dissolve  or 
undergo  chemical  combination,  e.g.,  pure  carbon.  We  know  that 
bone  black  may  to  a  greater  or  less  extent  decolorize  dye  solutions; 
that  it  is  used  to  bleach  dark  sugar  juices  and  to  decolorize  the  dark 
solutions  of  the  organic  chemist.  When  suspension  of  powdered  char- 
coal is  added  to  bromin  water,  we  observe  the  following:  If  we  add 
very  little  bromin  to  the  water  the  latter  will  become  completely 
decolorized;  if  we  add  more,  a  considerable  part  is  taken  up  by  the 
charcoal  but  the  water,  becomes  brownish.  With  further  addition 
of  bromin  the  water  is  colored  more  intensely  and  the  charcoal  takes 
up  proportionately  less  bromin.  This  process  is  reversible  and  the 
distribution  of  bromin  between  charcoal  and  water  follows  a  cer- 
tain law.  We  cannot  as  in  the  case  of  a  solvent,  however,  speak 
of  the  concentration  of  the  dispersed  phase.  In.  experiments,  it  has 
become  customary  to  insert  the  specific  gravity  of  the  dispersed 
phase,  and  this  custom  is,  as  a  rule,  justified.  Let  us,  for  example, 
designate  by  x  the  amount  in  millimols  of  bromin  that  is  adsorbed 
from  a  solution  by  m  grams  of  charcoal,  and  by  c,  the  concentration 
of  the  bromin  in  the  water  after  adsorption.  If  we  deal  with  sub- 
stances of  unknown  molecular  weight,  x  indicates  the  weight  in  milli- 
grams and  c  the  weight  which  is  present  in  1  cc.  of  water  after 
determining  the  adsorption  balance.  Empirically  we  arrive  at  the 
equation 

—  (adsorbed) 

m  '  __ 

Y  =  /c, 

cn  (free) 
in  which  the  exponent  -  is  always  <  1.     Inspection  shows  that  if 

Tii 

X 

n  =  3  and  k  =  20,  the  equation  is  satisfied  when  —  in  the  char- 

^  m 

coal  =  200  and  c  (water)  =  1000. 
If  we  dissolve  but  very  little  bromin,  then  the  equation  is  satisfied 

x 
when,  e.g.,—  =  20  and  c  =  1.     In  the  first  instance  only  1/5  of  the 

•      lib 

bromin  is  adsorbed  by  the  charcoal,  but  in  very  great  dilutions  20 
times  as  much  goes  to  the  adsorbent. 


l.\ 


lY   AM)    ,!/  /•.'/>/<  7.Y/-: 


If  it  is  unnecessary  to  determine  constants  the  direct  graphic 
representation  of  results  is  the  simplest  method.  The  <'t»neent  ra- 
tion in  water  Itlie  dispersing  substance  >  i>  made  the  abscissa,  The 
onlinate  is  tlie  adsorbed  amount  of  tlie  dispersed  phase.  (This  is 
the  difference  between  the  entire  quantity  of  the  substance  dis- 
solved and  what  remains  in  solution.'  The  points  of  intersection 
are  points  of  the  curve  experimentally  derived.  The  lines  show  us 
at.  a  glance  (as  is  seen  in  Fig.  2l,  in  simple  ruses,  whether  the  dis- 


,-f 


('  $r«»lii*i  it!  i  at  K*n     us  flir  w,!ttt«f 


fribution  und   rum*  is  one  of  ehriniral   I'liiiib 


or 


The  heavy  mntinuims  lint*  *  —  —  —  »  i>  fh«-  ^ntphi*'  represent  at  iou  t»f 
n  rhnniml  nnctitw:  II  mul^  I  ln(  "i  j_t  HIT  .MiMpr  tided  in  water  and 
HaS<  )*  is  added,  It  i*  lit  once  MIM-U  frum  the  ttinRnuti  that  .'I  mol> 
H3SO,|  an*  bound,  /,<-.»  tln^re  i^  u«*  free  H-^Stlt  in  thr  wnlrr,  but  on  the 
addition  of  more  H3S<  >»  the  dt>p*T>i*d  ply^e  nm  fak*-  up  no  more 
arid,  so  that  the  acid  renwiu*  in  tht*  (li^irr^iiig  tneilium. 

The  broken  line  i---t  is  the  gniphir  representation  of  the  <//,v- 
tritnitian  of  a  .substnnee  Mirn-n  lit'n  .^i/rriil.::,  Tli<-  dot  and  da>h 
Hue  I---!  is  an  itthnrpthm  mm-.  Fur  the  {/m/>/nV  reprrNentation  of 
such  mis«*rptit»n  phenomena  the  above  equation  i>  solved  by  Itig- 
nrithms;  and  we  obtain 

l«iKIw       io«/;  1   •• 
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This  is  the  equation  of  a  line.     If  the  logarithms  of  the  values  found 

for  —  and  for  c,  of  different  concentrations  of  the  substances  under 
m 

examination,  are  carried  onto  a  rectangular  system  of  co-ordinates, 
these  points  would  He  on  a  line,  provided  the  substance  was  sub- 
jected only  to  pure  mechanical  adsorption. 

As  the  simplest,  example  we  shall  choose  the  curves  and  data 
which  IT.  FiiKtrNnucH  *  derived  from  his  studies  of  the  adsorption 
of  certain  fatty  acids  by  charcoal.  Fig.  3  shows  the  adsorption  curve 


Z  6 

VH\.  3.     Adsorption  of  fatty  acids  by  charcoal.      (After  II.  I'Ywmdlioh.) 

of  acetic  acid,  propiouic  acid  and   wucemie  acid,  in  direct  graphic 
representation  as  we  have  explained  on  page  22. 

They  are  de rived  from  the  following  somewhat  abridged  data  of 
FHKUNDLICH: 


Aootio  ncud. 

Propiouic  uoid. 

Sumnio  acid. 

wiUimolHN  jr  /    millimolrt    \ 
cc.       /  m  \Km.  charcoal/ 

/  initliinolHv   x  /    inillunolH    \ 
V        <•<;.        /  7/t  \KIU.  churcoiil/ 

(inilliniol.s\   /    /     millimolH 
c.o.       /  tn  \p;tn.  c.hurc.oj 

0.01S1 

0.407 

0.0201 

0.7S5 

().007(> 

1.09 

0.0010 

O.SOl 

0.0510 

1.22 

0.02(53 

1.70 

0.2077 

1  .55 

0.2400 

2.11 

()!  0-177 

1.95 

O.HS17 

2.4S 

o!o707 

2.91 

0.2S31 

3.2(> 

2.785        i        3.70 

1.5SO 

3.7S 

l.IOi 

4!  37 

i 
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Wig.  4  shows  the  lino  passing  through  tho  logarithms  of  these1  data 
and  it   should  bo  obsorvod  thai  all  logarithms  loss  than   unity  aro 


Tho  tangents  to  tho  angle  of  inclination  between  tho  elements  of 


FICJ.  4.     (Aft<T  II.  I'Yeundlirh.) 


the*  curve*  (acetic  acid,  propionio  aoid  and  suooinio  acid)  and  tho 
abscissa,  (log  c)  is  the*  exponent  — .  Tho  distance  on  tho  ordinate 

.r\ 

og  *  J  from  tho  y,oro  point  (origin  of  eo-ordinutos)  to  tho  point  inter- 
secting tho  liniting  linos  is  log  k.     They  havcv  thoso  valuos: 

Aootio  aoul  -•  ^   0.425.     k   -  2.(HHu 
// 

Propionio  acid          0,354,     A*      3.4(>,'L 
Suooinio  aoid  l  ^ 0.274,     A*  ^  4.42G. 

Since1  tho  valnos  obs<vrvt»d  do  liot  lio  all  in  tho  same*  lino,  as  is  shown 
in  Fig.  4,  a  moan  value  for  tho  angle*  whoso  tangont  is  n  may  bt*  <lr- 
rivotl  by  means  of  a  protractor.  In  tho  same  way,  log  A*  is  not  de- 
rived from  the  intersection  of  tin*  last  element  of  the  eurvr,  but 
from  the  mean  value, 

Tho  exponent  -  conditions  the*  shape*  of  the  curve,   and   varies 

within  moderate  limits.  Though  marked  exceptions  have  been  ob- 
served, it  fluctuates  usually  bet  ween  0.5  and  0.8  as  IL  KuwNnuru 
lias  shown  in  his  numerous  experiments. 

Tho  constant  A-  in  tho  adsorption  formula  is,  in  an  ideal  ease,  a 
natural  constant  which  may  be  as  characteristics  for  the  adsorbed 
substance*  as  A*  is  in  the*  distribution  between  two  solvents. 

Tho  grout  difficulty  lies  in  the  fact  that,  in  the*  case*  of  tin*  dispersed 
adsorbing  phase,  wo  do  not  consider  the  mass,  which  may  be  easily 
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determined  by  weighing  or  measuring,  but  the  surface,  which  may 
vary  greatly  with  the  selfsame  weight.  That  in  fart  not  the  mass 
but  the  surface  of  the  dispersed  phase  is  of  importance  in  adsorp- 
tion, is  evident  from  the  following. 

FuEUNDLicir  and  SCHUCHT*  permitted  dyes  to  be  adsorbed  by 
amorphous,  i.e.,  colloid  a  l}  mercuric,  sulphid  (locks.  When  the  ITgS 
became  crystallin  the  dye  dissolved  again.  We  have  hero  a  counter- 
part of  enzym  action  in  which  the  adsorbed  enzym  (V.//.,  pepsin)  is 
liberated  when  the  adsorbing  substrntc  (fibrin)  changes  its  surface 
as  it  is  split  up.  W.  MKCKLIONHUIWI*  succeeded  in  obtaining  different 
curves  in  the  adsorption  of  phosphoric  acid  by  colloidal  stannic  acid 
and  of  arsenic  by  ferric  hydroxid  when,  starting  with  solutions  of 
identical  concentration,  he  precipitated  stannic  acid  and  ferric 
hydroxid  at  different  temperatures;  all  the  other  conditions  were 
identical.  The  lower  the.  temperature  at  which  stannic  acid  or  ferric 
hydroxid  gel  were  formed  the  more  phosphoric  acid  or  arsenic  was 
adsorbed.  The  peculiarity  of  these  curves  was  the  similarity  in  their 
shape  which  is  described  by  mathematicians  as  "aflinitive";  on  this 
account  MKCKLIONHUINJ  called  them  (((fin  ill  re  adsorption,  curves. 
They  (tan  not  be  otherwise  explained  than  that  the  same  mass  of 
adsorbent,  may  have  a  different  surface  depending  on  the  tempera- 
ture at  which  it  was  formed. 

Adsorption  is  a  phenomenon  which  is  conditioned  In/  I  lie.  dec  mine. 
of  the  surface  tension  of  the  solvent  in  respect  to  the  dissolved  sub- 
stance, at  the  interface  between  the  solvent  and  adsorbent.  In 
1888,  (!.  QUINCKK  showed  that  substances  which  decrease  the  surface* 
tension  between  the  solvent  and  the  dispersed  phase  must,  collect 
about,  the  dispersed  phase  with  the  formation  of  a  film.  II  .  KKKUNI>- 
LICH  has  elaborated  and  experimentally  established  the  theory  of 
adsorption  phenomena,  basing  his  ideas  on  (Sums'  Theorem.1  The 
marked  diminution  of  the  smia.ce  tension  of  water  by  fats,  fatty 
acid,  soaps,  albumin  and  its  cleavage  products,  and  cnxymes  is 
characteristic;  and  it  is  not  surprising  that  these  substances  an* 
very  easily  adsorbed. 

From  what  has  been  already  said,  adsorption  appears  to  be  a 
purely  physical  phenomenon  in  which  the  chemical  relations  between 
adsorbent  and  adsorbed  substance  play  no  part  whatever.  [This 


1  Theorem  Btatfkn:  A  dissolved  substance  is  positively  adsorbed  if  it 
depresses  the  surface  tension,  negatively  adsorbed  when  it  raises  it,  WIU.AKD 
(ilium  deduced  those  relations  for  gaseous  mixtures  and  not  for  fluid  i-'olutions. 
The  statement  of  W.  UXBBH,  that,  a  small  amount  of  a  dissolved  .substance  may 
powerfully  depress  surface  tension  but  cannot  raise  it  much,  is  likewise  important 
(for  further  proof  see  1L  FIUCUNDLICH'B  "  Kapillarehemie"). 
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statement  is  too  dogmatic;  in  dealing  with  colloidal  particles  which 
approach  molecular  dimensions  no  sharp  line  can  he  drawn  between 
physical  and  chemical  forces.  Tr.]  We  shall,  therefore,  with  Wo. 
()STWAU>,  call  these  purely  physical  phenomena  mechanical  miwr/>~ 
tion. 

Most,  of  the  investigations  on  adsorption  have  been  conducted 
with  pulverized  solids,  hydrophobe  colloids,  and  gels  as  adsorbents. 
From  a  biological  standpoint  studies  of  adsorption  by  hydrophile 
sols  arc  of  especial  importance,  when  we  consider  for  example  what 
occurs  in  the*  blood.  The  only  investigations  of  this  character  that  I 
am  acquainted  with  an*  those*  of  H.  B^amou)*4  on  the  distribution 
of  mcthylono  blue  between  water  and  serum  albumin.  The  volume, 
in  solution  is  directly  obtained  by  ultraJiUration  and  the  amount  of 
rnethylene  blue  distributed  in  the  aqueous  filtrate  thus  obtained  in 
measured.  It  was  shown  that  in  very  dilute*  solutions  of  mothytono 
blue  the  major  part  is  held  firmly  by  the  albumin;  whereas  in  greater 
concentrations  the  distribution  is  displaced  in  the  direction  of  the 
water.  Th«*  curve  is  similar  to  that  of  an  adsorption  curve.  (The 
work  of  A.  B.  MA<'ALU?M,  IC  Surface  Tension  and  Vital  Phenomena," 
University  of  Toronto  Studios.  PhysioL  Series  No*  H  (,11)12)  should 
U»  read  in  this  connection  as  it  involves  the  adsorption  of  jwtiwsium 
and  its  concentration  at  surfaces.  Tr,] 

Based  on  what  has  boon  said  hitherto,  we  might  believe  that 
nothing  is  oiisier  than  to  determine  by  the*  curves  of  distribution 
whether  we  an*  dealing  with  chemical  combination,  distribution 
between  two  solvents  or  adsorption.  If,  however,  we*  examine  the 
experimental  data,  wo  sot*  that,  there  is  rarely  clone*  agreement 
between  observation  and  the  calculated  results. 

The«o  divergences  led  to  the  derivation  of  other  formulas  clot  or* 
mined  by  the  following  considerations.  According  to  the  formula 
on  page  21  the  more*  concentrated  a  solution,  the  more  in  there 
adHorlHKl  from  it.  Actually,  saturation  limits  arc*  reached  in  many 
CIIHOH.  Thin  may  l>e  explained  as  follows:  Each  interface  can  adsorb 
only  a  layer  of  a  definite  thickness,  and  saturation  is  reached  when 
thin  layer  IH  filled  with  adsorbed  molecules.  The  formulas  of 
AttUfiKNiim,*  Ron  MAIW:,*  and  C.  0.  SOHMIOT*  were  nuula  to  be  in 
conformity  with  the  observed  facts. 

The  question,  whether  wo  are  dealing  with  dthorption  or  W/K/UW, 
in  fn*c|iiontly  difficult  to  decide  when  the  dissolved  substance  has  a 
different  molecular  weight  in  the  dispersed  phase*  than  in  the*  solvent 
(HPO  p.  20).  The  curve  of  distribution  may  then  annum**  the  form 
of  an  adsorption  curve  and  in  solving  the  problem  all  the  incidental 
circumstances  must  be  considered;  for  instance,  W.  Biun;*1  found 
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that  the  distribution  of  arsenious  acid  between  iron  hydroxid  gel  and 
water  follows  the  equation. 


-  -adsorbed 


(free)* 


=  0.631. 


Were  we  to  believe  that  the  arsenious  acid  went  into  solid  solution  in 
iron  hydroxid  gel  we  should  have  to  conclude  that  the  arsenious  aeid 
had  a  molecular  weight  one-fifth  as  large  in  iron  hydroxid  gel  as  in 
water.  From  other  observations,  however,  we  know  that  arsenious 
acid  in  water  breaks  up  into  simple  molecules  so  that  the  assumption 
that  it  dissolves  in  iron  hydroxid  gel  is  untenable. 

The  following  statements  will  show  thai*  many  conditions  may 
modify  the  course  of  the  adsorption  curve  and  such  cases,  according 
to  L.  MICIIAKLIS,  are  I  jest  called  abnormal  adsorption. 

A  substance  may,  for  instance,  as  the  result  of  swelling,  absorb 
more  water  than  the  substance  dissolved  and  thereby  simulate  a  nega- 
tive adsorption.  Thus,  B.  HERZOC;  and  ADLEH*  found  that  talcum 
powder  adsorbed  from  sugar  or  albumin  solution  more  water  than 
sugar  or  albumin  so  that  as  a  result,  the  solution  appeared  to  be  more 
concentrated  at  the  end  than  at  the  beginning  of  the  experiment. 

The  great  concentration  which  adsorbed  substances  cause  in  the 
dispersed  phase  may  be  associated  with  changes  in  its  condition; 
for  instance,  it  may  be  thrown  down  its  a  solid.  It  has  been  ob- 
served, that  charcoal  which  has  been  shaken  with  a  solution  of 
anilin  dye4  shown  the.  greenish  metallic  shimmer  and  the  dichroism 
of  the  solid  dye;  albumin  may  coayulatc  at  interfaces.  Pro- 
found changes  may  accompany  these  variations  of  condition.  Thin 
may  be  shown  by  the  following  examples,  the  so-called  basic  anilin 
dyes  are  salts  consisting  of  a  strong  acid  (usually  hydrochloric 
acid)  and  a  weak  color  base*.  The  aqueous  solution  undergoes 
strong  hydrolytic  dissociation;  the  free  color  base  shows  a  more  or 
less  colloidal  character  and  is  always  strongly  adsorbed.  II.  FHKUND- 
LICH  and  (1.  LOBKV  *  showed  that  the  color  bases  adsorbed  by  char- 
coal from  new  fuchsia  and  crystal  violet  were  changed  at  the  surface 
of  the  charcoal,  and  substances  with  entirely  different  properties 
were  formed;  probably  they  were  the  insoluble  substances  which 
A.  VON  BABYKK  had  previously  prepared  separately.  In  the  eane 
of  the  basic  dyes,  these  chemically  changed  substances  form  the  color 
on  the  textile  fiber. 

Now  we  must  recall  that  pure  adsorption  is  a  condition  of  equilib- 
rium changeable  with  the  concentration  of  the  dissolved  substance. 
There  can  be  no  balance  if  a  substance  is  removed  from  the  solution 
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and  thus  made  insoluble  (irmvrsible)  as  in  the  above-mentioned  ex- 
ample of  the  basic  dyes.  As  dye  stuff  becomes  insoluble,  the  char- 
coal or  fibers  must  adsorb  more  dye  and  the  process  will  continue 
until  all  the  dye  is  adsorbed  from  the  solution.  In  the  ease  in  ques- 
tion, the  process  is  prematurely  ended  because  of  the  concentration 
of  the  IK -I  hydrolytieally  separated,  which  to  a  certain  degree  ex- 
ercises a  solvent  action  on  the  colored  condensation  product.  WILII. 
OST\V,\U>  *  has  called  attention  to  the  fact  that  in  solutions  which 
are  hydrolytieally  split  into  fatty  acids  and  free  alkali,  then*  is  a 
marked  displacement  of  the  adsorption  balance.  This  occurs  in 
washing.  The  fatty  acids  an*  adsorbed  by  the  fabric  and  the  skin; 
to  accomplish  this,  there  must  occur  in  the  solution  a  further  hydroly-* 
sis,  i,r,f  a  spUtiing  oil  of  alkali.  In  other  eases  the  dissolved  sub- 
stances may  be  completely  removed  from  solution*  r,i/M  albumin 
from  urine  (by  charcoal,  silicic  acid  or  mastic  emulsion,  as  adsorb- 
ents). 

If  we  try  to  determine  the  adsorption  curves  for  the  phenomena 
just  described  (especially  the  fixation  of  dyes),  we  shall  find  that  the 
cum*  might  be  mistaken  for  that  of  an  irreversible  chemical  process, 

Still  more  peculiar  an*  the  curves  which  W.  Bu/rx  and  II.  STKINKH  * 
obtained  for  the  adsorption  of  night  blue  and  Victoria  blur  by 
cotton,  and  II.  KKHrxnurii  *9  for  the*  adsorption  of  strychnine  salts 
by  charcoal  or  arsenic  irisnlphid,  an  well  as  (5.  DHKVKU  find  .1, 
Snm/ro  *  for  the  adsorption  of  agglutiniiiH  by  bacteria.  In  these 
wises-  It'HH  substance  was  taken  up  by  the  adsorbent  from  the  euu- 
reutrated  solutions  than  from  those  of  medium  concentration. 

The  explanation  of  a  phenomenon  of  this  kind  was  given  by  A. 
I*OTTKKMOHKU,*  who  observed  with  A.  KOTIIK  that  amorphous  silver 
lodid  adsorbed  loss  potaHsium  iodid  from  highly  concentrated  solu- 
tion* than  from  Holutions  of  medium  concentration.  The  proctw  in 
influenced  by  flu*  fact  that  high  eoneentraflonH  of  K!  precipitate 
A|$l»  tuui  make  it  partially  assume  the  cryntallin  form.  In  this  in- 
Ktiuici*  tlit*  ciiiine  in  a  tUmirmtion  of  Hiirfa.ce;  in  the  other  rasi»H,  iilmve 
flcHrrHnnl,  th«*n»  is  a  strong  probability  of  a  diminution  of  nurfiuv, 
i*HjM*c!iilly  with  the  agglutination  of  bacteria. 

Hitherto  it  has  lu»rn  tacitly  liHHumed  that  there  is  no  affinity  be- 
tween ndHorlientH  and  dissolved  substance.  Thin  occurs,  though  only 
in  a  few  exceptional  canes.  Thus  B.  S.  (}.  HKDIN  **  ban  shown  that 
certain  enxynnen  (trypsin  and  rf*tmin)  an*  irreversibly  aduorbed  from 
water,  hut  they  may  be  <lisplae<«d  by  otlier  substances  fca*ein,  serum, 
gra.pt*  Hugar).  L.  MICIIAELIH  demonstrated  that  acid  kaolin  could 
mlsorh  only  IJIIHIC  or  iimphotc»ric*  dyes,  while*  basic  elay  could  iitisorh 
only  acid  dyen.  Similar  ex{x*riments  have  bec»n  p<»rformetl  hy 


SURFACKS  29 

other  experimenters  with  wool,  filter  paper,  etc.  Since  the  chemical 
constitution  of  many  of  these*  substances  is  unknown  and  others  can- 
not be  prepared  free  of  electrolytes,  II.  BKGHHOLD  considered  it  de- 
sirable to  settle  the  problem  by,  using  substances  possessing  definite 
constitution  and  which  were  easily  obtained  in  a  pure  state.  As  such 
adsorbents,  he  (those  naphthalin  ((noils,  neutral),  naphthol  (C  VHyOH, 
add),naphthylaniin((aoll^ 

amphoterie).  These  substances  were  freely  suspended  in  water  and 
shaken  for  several  minutes  with  solutions  of  various  dyes;  they  were 
filtered  off  and  washed  until  the  filtrate  was  practically  colorless. 
The  dye  solutions  employed  were  those*  generally  used  in  microscopic 
teehnie.  The  results  of  my  staining  experiments  are  shown  in  the 
accompanying  table.  From  these  experiments  it  is  evident  that  in 
most  cases,  even  with  the  neutral  naphthalin,  there,  is  at  least  a  faint 
staining.  The  coloration  is  so  slight,  that  it  certainly  could  not  bo 
recognised  in  a  microscopic  specimen  and  it  is  evidently  to  be  attrib- 
uted to  mechanical  adsorption.  It  may  be  noon  at  a  glance  how  re- 
markably the  staining  differs,  depending  on  the.  chemical  constitution 
of  the  stained  substance,  neutral  naphthalin  is  not  deeply  colored 
by  any  stain.  Naphthylamin  and  amidonaphthol  are  always  most 
strongly  stained  by  the  acid  dyes,  and  naphthol  and  amidonaphthol 
by  the  color  bases.  Thus  we  see  that  the  chcmwal  constitution  of  the 
adsorbent  plays  a  very  important  part  in  the  distribution  of  the 
dissolved  substance  between  the  solvent  and  the  dispersed  phase. 
BiOKcxKLLmt  and  ( -XAK.I*  reached  analogous  results  with  the  adsorp- 
tion of  alkaloids  (eoeain,  atropin,  etc.),  by  various  powders  (starches, 
coagulated  albumin,  which  acted  as  weak  acids  and  adsorbed  most 
strongly,  whereas  alkaline  Oa(  H)a  adsorbed  least).  That  we  are  deal- 
ing with  clectrochcmiad  phenomena  in  the  above  eases  is  still  more 
evident  when  we  observe  how  the  addition,  of  eledroli/te.x  affects  adsorb- 
ability.  Wool,  which  is  dyed  particularly  well  by  basic,  dyes  in  a 
neutral  bath,  takes  them  up  still  better  from  an  alkaline  bath,  but  it 
is  also  dyed  in  an  acid  bath  with  acid  colors.  Htill  better  evidence 
lies  in  the  fact  that,  the  cations  of  neutral  salts  increase  the  dyeing 
of  acid  colorH  in  proportion  to  the  valence  of  the  cation  (W.  M. 
BAYLIBH). 

We  must  furthermore  mention  the  fact  that  uupplc.ttwntary  chemical 
reactions  may  occur  between  adsorbent  and  adsorbed  substances, 
which  may  lead  to  a  fixation  that  makes  the  process  irreversible,  /.«., 
a  true  chemical  combination  may  result.  The  occurrence  of  this 
condition  is  characterised  by  the  fact  that  it  requires  a  certain 
length  of  time,  whereas  according  to  II.  FRMUNDLIOH,  the  adsorp- 
tion balance  is  established  in  a  few  minutes.  Moreover,  such  a  do- 
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layed  supplementary  process  may  indicate  a  slow  diffusion  of  the 
adsorbed  substance  into  the  adsorbent,  as  J.  DAVIS  has  demon- 
strated in  the  case  of  the  adsorption  of  iodin  by  charcoal.  In  the 
fixation  of  dyes  by  textile  fibers  we  can  assume  the  probable  occur- 
rence of  secondary  chemical  processes.  I  believe  that  many  mis- 
understandings in  the  moot  questions  of  toxin-antitoxin-  fixation  might 
have  been  avoided,  if  there  had  been  a  clear  understanding  of  the 
various  phenomena  which  may  occur  in  the  course  of  an  adsorption 
process. 

Finally,  it  must  be  mentioned  that  catalyzers  are  adsorbed  (all 
organic  ferments  are  colloids).  By  reason  of  adsorption,  the4  reaction 
in  a  solution  may  be  stopped;  or  in  other  eases,  the  reaction  may  be 
accelerated  upon  the  adsorbent.  Thus  oxidations  may  be  brought 
about  by  concentration  of  oxygen  on  the  adsorbent  or  reductions  by 
concentration  of  hydrogen  (0.  PAALH'  reduction  of  nitrobonssol  by 
colloidal  palladium  and  other  chemical  reactions.) 

The  fundamental  conception  of  adsorption  is  so  illuminating  that 
the  attempt  has  been  made  to  explain  a  large  series  of  biological 
processes  as  adsorption  phenomena  (cnssym  action,  union  of  toxin  and 
antitoxin,  etc.).  I  cannot  better  express  the  results  of  all  this  work 
than  in  the  words  of  W.  Bii/rz,*4  who,  in  another  connection,  says, 
"  The  testing  ...  of  the  material  in  accordance  with  an  exact 
method,  such  as  is  involved  in  the  use  of  a  formula,  offers  the  worker 
a  rather  mingled  pleasure,  as  may  be  noted  from  the  great  difference 
between  the  results  of  experiment  and  of  calculation.  If  it  were  not 
for  the  novelty  of  the  subject  investigated,  .  .  .  the  result  which  is 
so  frequently  accepted  for  the  sake  of  the  principle,  would  be  of  very 
little  importance." 

I  should  like  to  add  further:  The  adsorption  formula  is  a  rock 
which,  Lorelei-like,  has  magically  attracted  numberless  Heientifio 
voyagers  only  to  wreck  many  of  them.  Every  complicated  phe- 
nomenon of  higher  organisms,  which  consists  partly  of  chemical, 
partly  of  solution  phenomena  and  perhaps  partly  of  true  adsorption, 
must  assume  the  general  character  of  an  adsorption  and  have*  a 
formula  which  seems  a  cross  between  a  chemical  process  and  a  solu- 
tion. Thus,  if  a  biological  phenomenon  seems  to  suit  the  formula  of 
an  adsorption,  this  may  be  merely  a  sign  pout,  which,  alas,  many  an 
investigator  may  mistake1  for  the  goal. 

What  then  is  the  biological  significance  of  what  we  have  distinguished 
as  chemical  combination,  solution  and  adsorption?  Here  we*  approach 
the  most  important  principle  governing  the  processes  in  the  living 
organism;  it  is  what  P.  Krntucir  describes  as  distribution.  The*  de- 
veloping and  the  fully  developed  organism  are  constantly  receiving 
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food  materials,  which  are  taken  up  at  the  places  where  needed,  stored, 
and  when  necessary  given  up  again.  In  other  words,  the  organ- 
ism, plant  as  well  as  animal,  is  a  vessel  containing  an  aqueous  solu- 
tion in  which  various  colloids  exist  as  dispersed  phases.  The  balance 
which  rules  at  each  moment  is  disturbed  by  food  material  entering 
the1  vessel  and  by  the  metabolic  products  developing  in  it,  and 
these  become  distributed  between  the  solvent  and  the  dispersed 
phase,  the  organ-colloids.  In  this  entire  chapter  we  have*  treated 
the  simple  case  occurring  when  a  single,  dispersed  phase1  exists  in  a 
single  dispersing  medium  (solvent).  We*  may  still  assume*  without 
serious  error,  that  there  is  one  dispersing  medium;  but  instead  of 
one  dispersed  phase  in  the  organism  we  have  dozens,  perhaps  hun- 
dreds, of  dispersed  phases.  Each  individual  clans  of  cells  in  a  dif- 
ferent dispersed  phase  with  different  properties.  Only  in  this  way 
can  we  understand  how  the  assimilation  products  an*  sorted,  stored 
up  and  changed  into  the  tissues  of  the  several  organs. 

To  quote  a  single  example,  we  find  (according  to  a  table  in  K. 
AHDKUIIAU>KN'S  Textbook  of  Physiological  Chemistry)  that  there  are 
the  following  distributions: 


Sugar  ,,.,...,.,.,,,., 

to  KHK)  jMirt 

Serum  of  ox, 

1  .05 

H  by  weight 

BlcK»d  t'orpim- 
<«Uv<  of  ox. 

CholcHtoriu  ,  .  ,  ,  , 

1.23S 

3,379 

lecithin  ,  ,  ,  ,  ,  . 

1  .075 

:t,74,x 

Soda  .,,.....,.  . 

4  ,1112 

2  ,  2:12 

Pot  anh  .  .  ,          .        ,            ... 

0.255 

0  722 

Linic  ...                 .    .           .    ,    , 

0,119 

Ferric*  oxid  .....,.,,..  

1,071 

It  is  difficult  to  imagine*  a  more  unequal  distribution.  For  in- 
Btance,  potassium  and  sodium  salts  enter  the  circulation  us  electro- 
lytes to  the  name  extent;  and  there  can.  bo  no  question  of  any 
irreversible  chemical  combination  of  those*  salts  either  with  the  serum 
or  with  the  blood  corpuscles,  since  both  diffuse  away  when  the  serum 
or  blood  corpuscles  are  brought,  in  contact  with  pun*  water.  There 
in  thus  a  condition  of  equilibrium  in  the  blood  by  which  the*  blood 
corpuscles  dissolve,  or  adsorb  proportionately  more  potassium  mlts, 
while  the  scrum  albumin  dissolves  or  adsorbs  more  sod  turn  salts.  Thin 
in  not  a  unique  case,  for  humus  adsorbs  chiefly  the  potassium  walta 
from  a  mixture  and  permits  the  sodium  salts  to  POHH  through.  With 
iron  tin1  conditions  are  different;  it  certainly  must  enter  the  organism 
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in  some  mobile  form,  yet  at  the  places  where  blood  corpuscles  are 
formed  it  is  chcmiailly  fixed  as  hemoglobin.  We  may  say  a  priori 
that  the  product*  of  diuxitnilation  become  very  soluble  in  the  dispers- 
ing medium,  being  dissolved  or  adsorbed  but  slightly  by  the  dispersed 
phase;  in  fact  they  are  not  chemically  fixed  at  all,  so  that  they  leave 
the  body  chiefly  in  the  urine;  they  are,  indeed,  crystalloids  of  which 
only  so  much  is  retained  in  the  blood  by  solution  or  adsorption  as  is 
necessary  for  a  proper  balance. 

We  must  here  curtail  our  remarks  and  refer  the  reader  to  the 
chapter  on  Distribution  of  Substances  and  Metabolism. 

What  applies  to  the  substances  necessary  for  the  maintenance  of 
the  organism  applies  also  to  such  foreign  substances  as  have  a  toxic 
or  pharmaeodynamie  effect.  It  is  a  principle  that  such  foreign 
bodies  as  are  dwmimlly  fixed,  permanently  injure  the  affected  cell; 
narcosis  seems  to  me,  to  bo  a  typical  example  of  simple  solution, 
a  process  that  is  completely  reversible.  [Permanent  injury  may  also 
be  caused  by  the  breaking  of  an  emulsion.  See  M.  H.  FISCHER  and 
MARIAN  ().  HOOKER,  "  Fats  and  Fatty  Degeneration,"  John  Wiley  & 
Sons,  New  York,  1917.  TV.]  Between  these  extreme  cases  there  are 
substances  which  arc1;  adsorbed,  and  are  active  even  in  small  doses, 
though  larger  doses  do  not  cause  materially  greater  damage.  Under 
favorable  conditions  these  processes  may  be  reversible.  The  details 
are  treated  of  in  the  chapter  on  Toxicology  and  Pharmacology. 

Finally,  I  wish  to  refer  to  the  chapter  on  Immunity  Reactions 
where  it  is  an  important  question  whether  chemical  combination, 
solution  or  adsorption  obtains. 

Surface  Skins. 

Absolutely  pure  water  has  no  surface  viscidity,  which  means  that 
a  metal  or  glass  disc  suspended  by  a  thread  at  the  surface  performs 
as  many  oscillations  after  a  single  turn  as  it  does  when  immersed. 
The  slightest  impurities  may,  however,  suffice  to  cause  a  marked 
retarding  effect  at  the  surface.  On  page  25  we  saw  that  substances 
which  lower  the  surface  tension  of  a  fluid  concentrate  and  spread 
out  at  the  surface,  so  it  is  to  be  expected  that  the  surface  will  have 
a  different  viscidity  from  the  interior.  POCKJKNDORFF  and  PLATEAU 
were  the  first  to  study  the  formation  of  skins  on  fluids,  but  we  are 
indebted  to  M.  V.  MKTCALF,*  G.  NA.GKL*  and  E.  Iloirow*  for  recent 
studies  that  have  clarified  the  subject.  It  was  shown  as  the  result 
of  these  investigations  that  colloids  and  substances  at  the  border  line 
between  colloids  and  crystalloids,  especially  many  dyes,  as  fuchsin, 
methyl  violet,  peptones  and  several  other  substances,  concentrate  at 
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the  surface  of  aqueous  solutions  and  form  a  layer,  which  at  first  is 
easily  movable.  In  a  short  time  there  is  a  change  in  this  layer.  In 
the  case  of  staining  solutions  the  surface  appears  dull  after  an  hour 
and  gradually  there  is  formed  a  solid  layer  which  histologists  and 
bacteriologists  know  to  their  sorrow.  It  is,  therefore,  necessary  to 
filter  aqueous  solutions  of  stains  each  time  before  using,  even  though 
they  have  been  protected  from  dust.  The  dye  concentrated  at 
the  surface  undergoes  chemical  changes  which  the  investigations 
showed  to  be  independent  of  the  gas  upon  the  surface  (it  might  have 
been  attributed  to  oxidations  with  oxygen  or  to  COs,  etc.).  What 
has  been  said  of  dye  solutions  occurs  also  in  the  case  of  peptone 
solutions,  as  METCALF  demonstrated. 

The  thickness  of  the  layer  which  will  just  form  a  solid  skin  has 
been  measured,  and  found  to  be,  for  peptone  3  juju  (METCALF)  ,  for  albu- 
min 3  to  7  w  (DEVAUX).  Thus  it  is  probably  many  times  greater- 
than  the  hypothetical  diameter  of  a  molecule,  perhaps  even  equaling 
the  radius  of  molecular  attraction.  The  process  of  skin  formation 
may  be  very  much  hastened  by  amplifying  the  surface,  i.e.j  by  shak- 
ing the  fluid  or  passing  gas  through  it.  Thus  W.  RAMSDEN  *  was 
able  to  remove  by  shaking  practically  all  the  albumin  from  an 
albumin  solution.  The  albumin  passed  into  the  foam  and  there 
formed  solid  skins.  This  phenomenon  is  of  greatest  practical  impor- 
tance, since  the  solidity  of  meringue,  whipped  cream  and  beer  foam 
evidently  depends  upon  it.  In  the  case  of  beer,  the  rising  bubbles  of 
C02  carry  foam-forming  colloids  at  their  surfaces  and  conversely  the 
beer  foam  exerts  a  tension  (pressure)  which  hinders  the  escape  of 
C02  and  thus  keeps  the  beer  fresh  for  a  longer  time.  Everyone  who 
has  worked  with  colloidal  solutions  knows  how  high  the  gas  pressure 
must  be  in  order  that  a  stream  of  gas  may  be  forced  through  a  solu- 
tion which  has  once  formed  a  layer  of  foam.  The  formation  of  a 
skin  on  boiling  milk  is  evidently  to  be  classed  among  these  phe- 
nomena. The  significance  of  this  process  for  the  coagulation  of  fibrin 
has  been  indicated  on  page  299. 

To  these  phenomena  belongs  "inactivation  of  ferments  by  shaking" 
described  by  E.  ABDEHHALDEN  and  GUGGENHEIM  *  and  independ- 
ently by  SIGNE  and  SIGVAL  SCHMIDT-NIELSEN.* 

The  formation  of  surface  skins  is  so  sharply  characteristic,  that 
mixtures  of  substances,  which  diminish  the  surface  tension  of  water 
to  different  degrees,  may  be  separated  by  shaking.  Until  now,  we 
have  had  only  the  qualitative  investigations  of  W.  RAMSDEN,*  who 
determined  the  predominance  of  saponin  in  the  foam  on  shaking  a 
mixture  of  saponin  and  albumin.  (Saponin  lowers  the  surface 
tension  of  water  more  than  albumin.) 
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Hitherto  we  have  only  regarded  the  formation  of  surf  an*  skins  at 
the  interface  fluid/gas.  Such  skins  may  IK*  formed,  however,  lit 
the  interface  fluid/fluid  or  fluid/solid,  provided  only  that  the  sub- 
stance in  question  diminishes  the  surface  tension  of  the  water  with 
reference  to  the  other  fluid  or  the  solid  phase.  J.  KIKULKH  has  in- 
formed me  (in  a  private  communication)  that  on  shaking  beu/.ol, 
toluol,  etc.,  with  water  containing  albumin  or  gelatin,  the  benzol 
or  toluol  forms  above  the  water  an  emulsion  which  contains  the 
colloid,  and  that  with  repeated  shaking,  the  major  part  of  tho 
colloid  may  be  removed  from  the  aqueous  solution,  Shortly  after 
this  communication,  there,  appeared  a  publication  by  \VixjiKLftw>;nf  * 
which  not  only  confirmed  these  facts  but  called  at  tent  ion  to  th«*  fact 
that  through  the  formation  of  an  emulsion  men*  traces  of  colloid* 
could  be  detected.  This  phenomenon  has  long  been  reeugw/tHl  n*  a 
very  disturbing  factor  by  organic  chemists.  On  shaking  reaction 
mixtures  with  ether  or  benzol,  such  emulsions  frequently  form  ami 
are  very  difficult  to  separate.  We  know  now  that  these  emulsion* 
are  to  be  attributed  to  the  formation  of  colloidal  reaction  product*. 

H.  BKCHHOLD  and  J.  ZIKOLKU  used  the  method  of  xhnkinu  imt 
the  foam  for  the  separation  of  albumoses  (\Vitte\H  peptow)  into 
their  components.  They  shook  a  10  per  cent  aqueous  solution  nf 
Witte's  peptone  with  ether,  separated  the  ether  foam  from  the 
aqueous  solution  and  again  shook  it  out  with  ether.  Then  tin* 
ether  was  permitted  to  evaporate  from  the  fonm,  and  the  rexiilut*  win 
dissolved  in  ten  times  its  volume  of  water,  and  this  solution  VVH* 
again  shaken  out  with  ether.  After  thus  treating  tin*  solution  from 
three  to  five  times,  two  substances  were  obtained,  ow*  of  which  iv-> 
maincd  in  the  witter  in  clear  solution  and  became  turbid  when  trrntrtt 
with  24  to  25  per  cent,  of  ammonium  sulphate.  By  this  promlurr  ?t 
separation  of  two  components  wan  obtained,  hut  it  in  it  question 
whether  the  water-insoluble  portion  was  present  in  the  original  *olu- 
turns  or  was  formed  by  the  shaking,  like  MKT<IAM«'\S  pcptnut*  skin*. 
The  slight  diminution  in  concentration  in  in  favor  uf  tht*  lir*t  view. 
By  "shaking  out  the  foam  "  a  separation  of  the  slight ly 
hetero-albumoses  and  tlie  remaining  ulhumoHcs  was  tir 

This  spreading  of  colloids  and  tin-  formation  nf  rollout  film*  ?tt 
the  interface  between  two  fluids  is  a  phenomenon  v«*ry 
observed.  (}.  QUINCKK^  showed  that  gum  collect**  nf  flu 
between  oil  and  a  gum  arabic  solution.  Wmrmweutintl 
accordingly  cotisist  of  oil  «ph<*reH  surrounded  by  a  film  of 
And  when  oil  is  emulsified  with  albumin,  oil  spheres  Hiirnniinlrd  ]i> 
film  of  albumin  are  formed  (AWIIKUSON  *).  I  huve  uttrilntliut  tip- 
so-called  "serum  films  Hurrounding  the  ghibulcH  In  milk*1  to  Ihr  fi»r. 
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ination  of  surface  skins,  sen*  page  «Ur>.  Where  oil  globules  occur  in 
aqueous  solutions  containing  colloids,  it  may  be  assumed  that  they 
are  surrounded  by  a  film  of  colloid  which  prevents  them  from  run- 
ning together  and  forming  larger  drops  of  fat.  This  is  exemplified  in 
the  emulsion  of  fats  in  the  intestine  and  in  the  milky  turbidity  of  the 
serum  after  ingestion  of  fat  as  well  as  in  the  oleaginous  and  resinous 
emulsions  in  plants,  e.ij.f  in  the  milky  sap  of  the  Kuphorhiucc, 

As  has  been  already  stated  the  same  conditions  obtain  for  the 
interfaces  between  fluid/solid  as  for  fluid  fluid.  H.  liKrmioLD*1 
explains  the  action  of  pm/rnfiVf  nttlttith  (set*  p.  II)  as  a  mani- 
festation of  this  phenomenon.  Protective  colloids  form  colloidal 
films  about  the  substance  in  suspension  and  thus  impede  the 
coalescence;  (Hoeeulation)  of  the  separate  particles.  Consequently 
surface  pellicles  afford  stability  to  the  metal  sols,  and  permit  their 
practical  utilization. 

On  the  other  hand,  suspensions  and  hydrophobe  colloids,  depend- 
ing on  circumstances  and  the  surface  tension,  may  either  pass  from 
one*  fluid  into  another  fluid  with  which  it  is  not  mUcihlt*,  or  they  may 
concentrate*  at  the*  interface  (Hf;iN*t>Kus).  This  must  be  considered 
in  all  studios  on  the  distribution  of  colloid*  in  the  btnty,  as  in  staining 
with  colloidal  dyos  and  the*  injection  of  colloidal  uu*tul**  and  possibly 
oven  infection  with  intent-organisms. 

[According  to  the  views  of  MAUTIN  II,  FtntiiKu  and  MAIUAN  (). 
HOOK KU,*  we  must  dwIinguMi  tietween  the  making  of  an  emulsion 

1  H<M»  MAUTIN  II,  PfKtmit  itud  MAKSAM  <),  HOOKKU,  Fat*  m*«l  Fully  Degen- 
eration, John  Wiley  iunl  Son*,  New  York,  1U17,  where  reference*  It*  their  earlier 
publication*  nuty  1w*  found, 

14  Both  W,  I),  BA,\nttirr  nntl  U,  IL  A,  CI.OWKH  lit  thn  lvrlmtm  Cl!U«Vi  mi*t*tiiiK 
of  thi*  AiH(*ru*nti  (*h<*uiinil  SoriHy,  tu  fln*ir  iliwii-^iiiii  of  utir  nwii  vit*WH  rrniiniiiig 
the  UU{Ktrtuiu*p  t»f  ntllniit  mlvnlvn  ft'iillniil  hydmtrn)  fur  thr  .KlultiiiMittittn  nf  riinil- 
Htoiw,  fcHtntl  in  our  vi«*wj4  HcutirthinK  irrt<(*<mt*tliihlt<  with  flti*tr  itntion.74  of  tin*  itn- 
portaiHM*  of  intcrfurinl  ftlwM  iiittl  of  Htsrfitrt*  ti*iu*itiii  (*huttK«*x  in  th««w,     Whili*  w« 
do  not  wwh  tti  iiiHtHt  it|»««i  H  huntttiity  wh«*rt*  Hiirli  umy  itnf  l«*  tlfMtri'it,  th**n*  i,**,  of 
(Miums  iw>thiuK  timttmlly  f<xt'UiMtv<*  in  flit*  nlfiw  nf  Hulvut iim,  «»f  rtiiifi«rw  in  Mtrfftw 
tftiriton,  and -"at  ttrnci*  ••••••- tl««  forum!  tttn  of  11  (*tmtintt(tUH  third  (»tm*t<  hrtw^rn 

tht*  two  cl»M*f  HuhHtaiuu*M  making  «{>  an  i'litiilmmt,  \Vht*n  "wafrr,"  armrdtntt  tti 
our  notion,  h(^omi*H  it  "r«»Hotd  hydratr,"  flit*  pnip«*rti<*rt  «»f  thi«  «**f*md  lii|i}id  ar^ 
di!T<*r«»ut  from  thoi«*  of  flu*  fiwi,  und  tln*?«i«  proper! it**  iitrittdi*  H«rfaf*«  tfiiMton, 
vi«H)Hit.y  and  di«lril*uti*>n  hctwi^n  two  phaia*H.  Bui,  \vr  r«»jH'nt»  ihrni*  fa«*torw  to 
wlikli  PI^TKAU,  Qt?iNrKH  and  PWKKUWU  firnt  dtn*ftt*t{  attrntion  nrr  not  hy  fhi*ui- 
w*lvw  iililt*  to  explain  nl)  tin*  i*lii*n«t»it*i«t  i»l>w*rvi*d,  Wlit-n*  ( 't,owt-;H  h«»l«b  that  an 
emulxion  of  oil  triMtahtttxi^l  through  Mtwliuin  oiruti*  i«»ntii,Hf»  tin*  Mitwfaurt*  ri*()ut*t*i4 
t!ti*  Kurfan*  t(*nmon  of  wnti»r,  wo  wttuld  nay  that  xtahiltxatmn  ha*«  I'liMUfd  brniUM* 
the  oil  hiw  !H*I»H  dividw!  into  a  highly  hydrataMt*  Hotiiuut  «*»ap.  \Vln«n  flu*  addi- 
tion of  calcium  dwtroyn  thin  einuUton,  if  in  not  InnutMt*  of  rompltnttt'd  rliiiiigi»«  in 
a  Hurfiicc*  film,  but,  minply  hw*aiwi*  nth'tum  ol»*att*  w  iwt  mily  Kliglilly  hydratahh* 
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and  its  stabilization.  The  making  of  an  emulsion  is  essentially  a 
mechanical  process  concerned  with  the.  men*  obtaining  of  the  sub- 
division of  one  liquid  in  a  second,  as  oil  in  water.  The  problem  of 
the  stabilization,  after  such  a  subdivision  has  been  brought  about, 
is  a  totally  different  matter.  In  a  certain  sense  the  main  feature  in 
this  stabilization  consists  of  the  getting  rid  of  the  water  as  such  in  the 
emulsion  and  substituting  for  it  a  hydrated  colloid. 

An  emulsion  is  stabilized  through  any  so-called  emulsifying  agent 
only  because,  this  emulsifying  agent  is  a  hydrophilie  (lyophilie)  col- 
loid. Oil,  for  example,  cannot-  be  permanently  emulsified  in  water 
in  amounts  exceeding  a  fraction  of  one  per  cent,  but  in  a  medium  in 
which  the  water  is  bound  to  an  emulsifying  agent  as  a  hydrate  (or 
solvate)  the.  oil  content  can  be  carried  to  a  very  high  figure*  (oO  or  00 
per  cent.).  When,  for  example,  acacia  is  used  us  an  emulsifying  agent , 
it  means  that  the  permanent  emulsion  is  much4  permanent  because 
the  acacia  unites  with  the  water  to  form  an  acacia-hydrate. 

After  the  stabilization  of  an  emulsion  has  been  accomplished 
through  the  production  of  a  colloid  hydrate,  secondary  concentration 
effects  may  be  brought  about  which  lead  to  a  concentration  of  the 
colloid  material  upon  or  in  the  surface4  of  the  oil  droplets  but  theso 
secondary  effects  are  not  to  bo  confused  with  the  primary  ones  neces- 
sary for  the  stabilization  of  the  emulsion. 

W.  D.  BANCROFT  asserts  in  a  review  of  FISCHKK'K  book  that  there 
are  no  criteria  which  these  alleged  compounds  (the  solvates)  could 
satisfy.  J.  of  ImL  &  Kng.  C'h.,  vol.  J),  No.  12,  Dee.,  1917. 

BANCROFT  observed  that  while  soaps  of  rnono-valent  cations  used 
as  emulsifying  agents  for  oil  and  water,  promote  the  formation  of 
emulsions  like  cream,  in  which  oil  is  dispersed  in  a  continuous  water 
phase,  soaps  of  di-  and  tri-valent  cations  form  emulsions  of  Urn 
opposite  type  like  butter,  in  which  water  is  dispersed  in  oil.  BAN- 
CROFT considers  that  soaps  of  sodium  or  potassium,  Inking  readily  dis- 
persed in  water  but  not  in  oil,  form  an  interfacial  film  or  wembwnr, 
the  surface  tension  on  the  water  side  of  which  is  much  lower  than  on 
the  oil,  and  that  consequently  an  emulsion  of  oil  in  water  in  formed, 

Hoap.  Free  water,  in  consequence,  appenr«  iu  tine  mixture,  and  the  oil  separates 
out.  in  gross  form,  an  described  above,  for  only  very  little*  oil  can  be  permanently 
subdivided  in  "pure"  or  "free"  water.  We  describe  the  consequences  of  nueii 
changes  from  highly  hydratable  to  lean  hydratahle  soaps  upon  the  stability  of  itn 
emulsion  on  p,  40. 

Neither  do  we.  wish  our  statement,  that  an  agreement  w  possible  between 
CirOWKS*  and  our  views  on  simple  emulsions  to  he  expanded  to  include  his  beliefs 
regarding  thcs  biological  behavior  of  the  fat  in  living  cells.  We  long  ago  gave  up 
the  notion  of  lipoid  membranes  about  cells  and  the  complex  notions  of  their 
changing  permeability  to  which  CLOWKH  and  many  authors  stilt  hold.** 
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Fin.  4u.     Conversion  of  oil-water  to 
water-oil  emulsion. 


while  soaps  of  calcium  and  magnesium,  being  readily  disjx*rscd  in  oil 
but.  not  in  water,  form  a  film,  the  surface*  tension  on  the  oil  side  of 
which  is  lower  than  on  the  water,  ami  consequently  an  emulsion  of 
water  in  oil  is  produced. 

OLOWKS  showed  that  emulsions  of  oil  in  water  could  be  converted 
into  emulsions  of  water  in  oil  and  vice  versa  by  varying  the  propor- 
tions   of    certain    electrolytes 
3  added  to  the  system.     When 

equal  volumes  of  oil  contain- 
ing fatty  acid  and  water  con- 
taining   NaOH    were    shaken 
together  sodium  soap  WHS  pro- 
duced and  an  emulsion  of  oil 
in  water  formed.     On  shaking 
'.Vrrilirf/rm    *M*S  i'mulsion  with  increasing 
u^'c'l.oV!    pro|x>rtions  of  calcium  ehlor- 
\v.nrrju,.ii    j({t  a  critical   jx»int    at   which 
oil   aiul    water  separated  into 
two   distinct    layers   was   ob- 
served   when    the    CaCla  wan 

added  in  sufficient  amount  to  convert  half  the  stxlium  soap  into  ml- 
cium  soup.  Further  addition  of  calcium  chlorid  led  to  the  fonua- 
tion  of  a  stable  emulsion  of  witter  disjx'rstnl  in  oil.  Conversely,  flu* 
latter  emulsion  could  be  reconverted  through  the  critical  point  into 
one  of  oil  in  water  by  shaking  with  the*  requisite  jwijxirtions  of  sodium 
soap  or  caustic  soda,  (Hen*  diagram,  Fig.  4a.) 

CLOWKS  attributes  these*  transformations  to  variations  In  the  sur- 
face tension  relations  of  the  water  ant  I  oil  phases,  mused  by  varia- 
tions in  the  proportions  of  the  hydrophilic  sodium  snaps  which  lowers 
the  surface  tension  of  the  water  phase,  and  the  lijMtphilte  ealeium  soap 
which  lowers  the  surface  tension  of  the  oil  phase.  An  emulsion  of  oil 
in.  water  is  produced  when  the  surface  tension  is  lower  on  the  witter 
than  on  the  oil  side  of  the  stabilizing  film  or  membrane  formed  by 
concentration  of  the  emulsifying  agent'  at-  the  oil-witter  interfnn*,  A 
critical  point  occurs  when  tins  surface  tension  is  equal  or  eom|M*usa» 
tory  on  both  sides  of  the  film,  and  an  emulsion  of  water  in  oil  in  formed 
when  the  surface  tension  in  lower  on  the  oil  nidi?  than  on  the  witter 
side. 

Electrolytes-  appear  to  exert  a  marked  effect,  on  nnulxstm  tn|uililH 
rium,  those  having  a  more*  reactive  or  more  readily  adsorlH'd  union 
appear  to  promote,  the  fonnation  of  emulsions  of  oil  in  water,  while 
those  having  a  more  reactive  or  readily  adsorlted  ration  exert  this 
reverne  effect,  promoting  the  formation  of  emulsions  of  water  in  oil. 
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The  antagonistic  effects  exerted  by  electrolytes  of  these  two  opposing 
groups  appear  to  correspond  sufficiently  closely  with  those  observed 
by  OSTKKHOUT  iu  experiments  on  living  cells  to  suggest,  the*  possibility 
that  variations  in  permeability  exhibited  by  protoplasm  under  the 
influence  of  various  salts  might  be  attributable  at  least  in  part,  to 
reversible  transformations  of  the  marginal  layer  of  protoplasmic; 
material  between  systems  in  which  a  non-aqueous  phase  is  dispersed 
in  an  aqueous,  which  would  be  relatively  freely  permeable  to  water, 
and  the  reverse,  type  of  system  in  which  an  aqueous  phase  is  more  or 
less  surrounded  by  a  non-aqueous  film  which  would  be  impermeable 
or  relatively  less  permeable  to  water. 

A  Traube  capillary  pipette  was  employed  to  study  the  influence 
exerted  by  given  salts  individually,  and  in  combination,  on  the  rela- 
tive degree  of  dispersion  of  interfacial  soap  films  in  oil  and  water, 
Aqueous  solutions  containing  caustic  soda  or  soap  and  various  con- 
centrations of  the  salts  to  be  tested  were  allowed  to  flow  from  the 
capillary  pipette  through  neutral  oil  or  oil  containing  free  fatty  acid, 
and  the  number  of  drops  produced  served  as  an  index  of  the  dis- 
persing or  protective  effect  exerted  by  the  electrolytes  in  question 
on  the  interfacial  soap  film.  Those  electrolytes  which  possess  a 
readily  adsorbed  anion  appear  to  cause  an  increase  in  the  number  of 
drops,  which  corresponds  with  a  lowering  of  the  surface  tension  of 
the  water  phase,  a  destruction  of  the  surface  film,  and  an  increased 
permeability  of  the  system  to  water.  Those*  electrolytes  which 
possess  a  readily  adsorbed  cation  exert  the1  reverse  effect,  diminish- 
ing the  number  of  drops,  which  indicat.es  diminished  dispersion  or 
destruction  of  the  film  and  a  diminished  permeability  of  ihe  system 
to  water.  For  example*,  a  0.00 1 -w  NaOlI  passed  through  olive  oil 
gave  44  drops;  the  addition  of  Na(H  to  a  concentration  of  0.1  f>  m 
raised  the  number  of  drops  to  300;  the*,  addition  of  ( *a(  \  at  a  concen- 
tration of  0.001 5 -m  lowered  the  number  e*f  drops  te>  24;  while  a 
system  in  which  0.00 1 -m  NaOII  was  employed  in  conjunction  with 
O.lf)--m  Nad  and  0.00 15-w,  (-aCla  gave*,  44  drops,  corresponding 
with  the  original  system  and  indicating  that  under  the  conditions  of 
the  experiment  Na( -I  and  (-a(-la  exert  an  antagonistic  or  compensa- 
tory effect  upon  one  another  in  the  molecular  ration  of  100  :  L 

In  similar  experiments  with  other  electrolytes,  anestheticH,  etc.,  the 
ratios  in  which  antagonistic  effects  were*  produced  corresponded 
sufficiently  with  those  in  which  the*,  substances  in  question  exerted 
antagonistic  effects  on  marine*  and  other  organisms  as  to  .suggest-  the, 
possibility  that  these  physical  systems  may  afford  a  crude  model  of 
the  mechanism  underlying  the  control  of  permeability  in  protoplasm. 
Salts  of  magnesium  and  other  substances  which  exhibit  abnormalities 
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in  biological  systems  exerting  under  varying  conditions  a  protective 
or  destructive  effect  on  the  protoplaMittc  film  exhibit  .similar  abnor- 
malities in  emulsion  and  drop  systems.  Magn***iuiu  salts  function 
us  protective*  agents  Hkr  calcium  >alts  when  added  to  a  soap  solution 
which  is  passed  through  oil;  hut  as  destructive  agents  like  NaOH, 
Nail  or  KC'l  when  added  In  a  dilute  solution  of  NaOH  which  in 
passed  through  an  oil  containing  fatty  acid* 

Closely  parallel  results  were  observed  lie!  ween  the  drop  system  de- 
scribed alnive,  the  process  of  Moot  I  coagulation,  tli«*  lethal  dose  of 
given  electrolytes  in  mice  when  injected  iui  ravenously,  the  hetnt>lysm 
of  blood  corpus«*les  hy  ci»mpii*ineut  and  umlniceptor,  etc.,  11  common 
critical  j>oint  being  observed  til  tlii^e  witlely  divi*rsilit*d  systems. 
(  'LOW  KS  considers  that  these  4*\|H'riiu**uts  li*nd  substantial  supjnirt  to 
to  the  view  that  whili*  protoplasm  as  a  whole  ciiitsists  i»f  a  system 
approximating  mt»re  nearly  to  a  di*|H*r?*inu  of  the  fton^aqtieous  plmsn 
in  flu*  nifueouH,  tin*  extreme  marginal  layer  of  protoplasm  miiy  IH» 
looktnl  tipou  us  an  emulsion  or  gel-like  system  consisting  uf  two  con- 
ttnuous  phases  in  which  fluctuation*  in  jiermeability  to  water  nnd 
watt'r-borne  substances  may  be  caused  by  variutiotts  in  tin*  prc»por- 
tions  of  metabolic  products,  electrolytes,  etc.,  a  slight  change  in  the 
sy.ntem  in  the  direction  of  wuter  .Hurrntuid«*d  by  flu*  nott"ai|Ueous  plrns^ 
tending  to  a  dimiuutton  in  iH*ntu*ability.  whilt*  11  i%lsnii|?t*  in  the  reverse 
direction,  towards  u  sy?*ft»m  itt  \vhtch  the  uuti-H(pM4ous  plutse  in  more 
completely  dis|HT}U*d  itt  the  iii|iie«i!iN(  wctttld  U*ud  to  an  iltcfeiwed 


SubHtatitinl  HUpjxjrt  is  lr*n(  to  this  jittint  of  view  by  HH 

obsi»rvttti«ns  that  the  coisductivily  of  Liuitiitiirin  tissue  IM  miseil  by 
expoMtre  to  a  Dilution  of  Xu<  *l,  luwerett  by  ditla,  but  itnehuitged 
when  exjKiHetl  to  it  mixture  containing  100  iuolt*culr.M  of  Xitil  nnd 
one  of  C  'alls,  I*ift*  t»»n  only  In*  m:iit!taim*d  within  n»rtnitt  niiig«N  of 
eleclriciil  reHtHliinre  or  iH*nni%nbitity  nnd  1111  iwTrusr  t>r  dernniHe 
in  |H*nn«*ability  ln.»y«nd  given  limiting  (H>intH  is  no  lunger  revt*r;Hiblo 
and  invariably  nius«**4  denth,  WII»I*KIC  I),  BASVUOKT:  Jnur.  l*hyn. 
('horn.,  17,  SOI  (HU3).  <5.  IL  A.  CUIWK.S;  l*ror.  l*hysiulo«;irnl  Sec- 
tion, Interniitkiiiiil  Miulinil  C'ongrrsH,  ftp,  105  .....  Ill,  Itondtm,  1IH.I, 
Proc.  Hoc*.  Kxp,  Btcilogy  ami  Medtrim*,  1  1,  pp.  I  3,  -1-5,  «!  St  H  It) 
(1013),  Jour.  Physical  (li^uttHtry,  20,  ji.  -IIJ7  fliilfi),  Pror.  Stic. 
Kxp,  Biology  ami  Mediciii4%  13,  pp.  ill  UK  llfUli),  Hrietici.%  43, 
pp.  750-757  (lllHi),  Tr.J 


CHAPTER  III. 

SIZE  OF  PARTICLES,  MOLECULAR  WEIGHT,  OSMOTIC  PRESSURE, 

CONDUCTIVITY. 

FOR  the  chemist  wishing  to  discover  the  constitution  of  a  chemical 
substance,  the  determination  of  the  molecular  weight  is  of  great  im- 
portance. Much  time  has  thus  been  spent  on  determining  the 
molecular  weights  of  the  bio-colloids,  such  as  albumin,  starch, 
hemoglobin,  etc.,  and  in  the  following  pages  wo  shall  show  what 
probability  for  success  attends  these  efforts. 

A  soluble  substance,  placed  in  a  suitable  medium  which  produces 
no  chemical  change,  distributes  itself  uniformly.  In  the  ease  of 
crystalloids,  it  is  impossible*  by  either  optical  or  mechanical  means 
to  recognize  the  particles  into  which  it  splits  up.1  We  shall  see  that 
crystalloids  are  frequently  broken  up  into  their  molecules.  Many 
colloidx  arc*  soluble  also.  If  we  examine  their  solutions  in  the  ultra- 
microscope*  which  permits  a  hundred  thousand  fold  magnification/4 
we  can  recognise  numerous  particles.  In  the  ease  of  artificial  colloids 
(gold  and  silver  hydrosoln)  in  which  we  are  certain  that  all  the  din- 
solved  particles  are  visible*,  according  to  R.  ZHHJMONDY  we  are  in  a  pos- 
ition, as  will  be  shown  by  the  following  considerations,  to  calculate 
the  approximate  weight  of  each  individual  partie.lt*.  Let  I  gin,  of 
colloid  be  dissolved  in  1  liter  of  water,  then  every  I  cubic  millimeter 
contains  I/ 1000  milligram  of  colloid.  If  by  counting  under  the  ultra- 
microscope,  we  determine  that  each  cubic  millimeter  contains  1000 
particles,  we  know  that  each  particle  weighs  one1  millionth  of  a  mil- 
ligram. We  can  easily  calculate  the  diameter  of  a  particle  by 
supplying  the  specific  gravity  and  assuming  that  each  particle  in  a 
sphere*.  However,  as  soon  an  we  become*  uncertain  whether  all  the 
particles  are  visible,  which  is  the.  case*  with  most  Wo-roMm/*,  th<k  opti- 
cal method  fails  us.  Under  these  circumstances,  we*  can  determine 
the  Huse*  of  the*  particles  by  ultrafiltration.  If  we*  sift  grains,  we*  know 
that  those*  which  pasn  thremgh  are  smaller,  and  those*  which  are* 

1  [Optical  inhomogeneity  of  nugar  Holutlem  htw  been  de.monHt  rated.  V AN  ( ?AM*AU 
and  L,  I>K  BKUVN  Heparated  nodium  nulphate  from  Moluticm  by  high  «peed  witrif- 
ugation.  Tr.J 

§  [The*.  ultramieroHeope  maken  vinible  otherwine  invisible*  partidftH  but.  <|<M«H  not 
magnify  beyond  the  power  of  itn  component  compound  mleroHeope,  Tr.J 
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held  hack  are  larger  than  tin*  mi*shrs  of  the  sieve.  If  we  know  tlw 
aiase  of  the  meshes  and  have  several  *ieve*  with  mcshe*.  of  different 
sisse,  it  is  easy  to  determine  the  average  si/e  of  tin*  grains  by  letting 
them  pass  through  the  different  sieves.  H,  HKt'tmou>'s  determina- 
tion  of  the  si/a*  of  the  partieles  depends  on  this  principle,  I  'Itritjilkrit 
(jelly  filters)  with  different  si/ed  {Hires  serve  its  sieves  t  see  pp.  <J*J  <•/  ATI/.). 
Since  there  are  several  methwls  fur  measuring  I  hi*  *i/e  of  the  pores 
(see  p.  l(X)K  it  is  j>ossiblr  tt>  detennini*  ilt^finitt*  limits  for  the  si/.«»  of 
the  colloid  particli^.1 

Arc  the  fMtrtMea  thux  found  iVIfiiliVtil  tn**ln*nlt'j*f 
In  the  cane  of  metal  sols  we  cun  immi*diati4ly  say,  nt>.  We  know 
tin*  molecular  weight  of  mHals  atul  understand  from  it  that  then*  is 
no  prospect  of  directly  ^eciiifC  list*  molecule*  uf  the  elements  with 
our  present  instruments.  Arrording  t«i  K.  HtMrKK  uold  particles 
of  I  pn  diamt*tcr  have  a  itn»lrciilar  weight,  of  IttXMMM),  hut  I  lit*  moler- 
ular  weight  of  gold  in  probably  «wly  1U7,  and  the  ^iniilli^f  particles 
we  can  st»e  have  a  diameter  t»f  A  w*  ^  fnlltnvN,  therefure,  that 
evt»ry  recognisable  ultramicroscopic  particle  cimnists  of  thousands  tif 


What  are  the  facts  in  thi*  ras«»  of  /irir/*V/#-A*  irluw  «/**•  /,v  ttrttrnrintthk 
hji  uUnifiUmlim'f  Sinn*  albumin,  ^tarrtt,  etc.,  have  unusually  large 
moltH'uleH,  it  in  probabk*  that  in  th«*m  ttit*  mntertile  and  particle  si/,et 
as  detenniniHi  by  ultrafiltrattcm,  nn*  iilentical.  llti^  i*  all  the  mure 
likely  since  these  bio-colloids,  like  crystalloid*,  are  distributed  by 
means  of  the*  action  tif  tin*  solvent,  wht«r«*as  tin*  metal  hydrosols  an* 
brought  into  such  minute  divistons  tmly  by  iiftitkiid  fin*ii!4M, 

Hut  what  !x  a  wnlirnlr/  It  is  tlti*  sittallest  |ttirtit>n  *tf  a  com|H»und 
or  of  an  i*lomi»nt-  that  may  exist  altitii*.  If  wi*  split  a  molrcule  of 
common  Halt  we  tin  longt*r  have  a  m*»l«*rulr  of  Xa<  *l  but  m\  atom 
of  Ntt  iincl  an  atom  of  ('I,  If  \vi-  cHviilr  nit  ttiulrrttle,  we 

Htill  have  com|ilicittt*d  iittiin  ctmtpl**\r''t  but  \v»*  ha\**  aibumtn  no 
longer.  Molwuiar  wriyht  is  ttn*  %vi4fttt  *ti  a  mt»tri*ule  compared  to 
that  of  un  atom  of  hytircwn  whirh  t'i|imU  unit),  t  \ittMt*f|uetiti\  %^** 
tire  mtwmring  nut  nb«»liitt%  but  r«*tntivt«  w*<*.  The  fnukrtttar 
weight  in  determined  by  purely  <  hcmtral  mi'itir^.  If  fur  «-\:tmpli*T 
we  find  in  »niiurti  bt*iiiii!iti%  that  th«*n*  nr«*  7  ntmir.  nf  rurbun 
(7  X  12  »  8^1),  5  atoms  of  liydn»Kf*n  l*t  ,-:  !  ,*i?t  2  aforn^  of  o\\geit 
(2  X  10  »  32)  and  cmr»  ittnin  of  Mxtmtst  fi  -  2H  2,t«,  «r  ?iiotil<t 
know  that  the  molmilar  weight  must  bi*  at  !i*aM  Ml,  lN*rau^i*  hitlf 
atoms  do  not  exist*  The  tnctleeukr  wright  tuight  in  furt  lir  two 
or  three*  timen  m  large,  which  would  have  to  be  determined  by  other 

1  [J.  AIcxitntliT  hiw  n»r«*fiHy  proponi*!  mc*iu«ti 

«JM*IH!  ccntrtftifcattot^  "tilfniOTitrifiiKniiiiii,"    TrJ 
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chemical  investigations  and  determinations  on  other  chemical 
compounds  of  benzoic  acid. 

From  similar  considerations  the  minimum  value  for  the  molecular 
weight  of  certain  albumins  are  obtained.  If  a  protein  contains  one 
per  cent  of  sulphur,  then  its  molecular  weight  must  be  3200  times 
heavier  than  that  of  hydrogen.  (The  atomic  weight  of  S  =  32.) 
But  there  is  every  reason  to  believe  that  there  are  at  least  two 
atoms  of  sulphur  in  egg  albumen,  because  one-half  of  the  sulphur  is 
easily  split  off,  whereas  the  other  splits  off  with  difficulty.  Thus  egg 
albumen,  with  one  and  three-tenths  per  cent  sulphur  shows  a  molec- 
ular weight  of  4900,  and  oxyhemoglobin  a  molecular  weight  of 
14,800.  Oxyhemoglobin  contains  0.4  to  0.5  per  cent  of  iron;  pro- 
vided it  contains  but  one  atom  of  iron,  its  molecular  weight  must  be 
11,200  to  14,000.  The  figures  obtained  approach  one  another  very 
closely. 

Another  method  of  obtaining  the  molecular  weight  is  based  on 
Avogadro's  law.  This  law  says:  "At  the  same  temperature  and 
equal  pressure,  different  gases  contain  the  same  number  of  molecules 
per  liter."  Thus  from  the  weight  of  a  gas  or  of  a  vaporized  sub- 
stance, the  molecular  weight  can  be  determined,  if  we  compare  its 
weight  with  that  of  an  equal  volume  of  hydrogen  gas.  Avogadro's 
law  was  generalized  by  J.  H.  VAN'T  HOFF  and  extended  to  solutions. 
According  to  this  generalization  the  "osmotic  pressure"  of  a  dis- 
solved substance  is  proportionate  to  the  number  of  the  dissolved 
molecules  and  is  as  large  as  if  the  substance  were  vaporized.  If  a 
sugar  solution  is  placed  in  a  porous  clay  cell  which  is  so  dense  that 
water  but  not  sugar  may  pass  in  and  out,1  the  sugar  tries  to  expand 
like  a  gas  and,  as  a  result,  water  enters  the  cell  and  the  solution  rises 
in  it.  If  a  vertical  tube  has  been  attached  to  the  cell,  the  osmotic 
pressure  of  the  solution  may  be  measured  directly  from  the  height  to 
which  the  fluid  rises.  There  are  indirect  methods  also,  the  under- 
lying principles  of  which  we  cannot  discuss  here.  They  depend  on 
the  fact  that  in  proportion  to  the  osmotic  pressure  the  boiling  point 
is  raised  and  the  freezing  point  lowered.  In  ideal  cases  these  changes 
are  strictly  proportionate  to  the  concentration  of  the  dissolved  sub- 
stance in  just  the  same  way  that  the  original  volume  of  an  ideal 
gas  is  reduced  to  one-half  by  double  the  pressure  and  to  one-third 
by  three  times  the  pressure.  Consequently  by  determining  the 
freezing  or  boiling  point  of  a  solution,  molecular  weight  may  be  de- 
termined. In  the  case  of  crystalloids  this  method  is  preferred  to  the 
direct  reading  of  the  osmotic  pressure  for  the  following  reasons:  It 
is  exceedingly  difficult  to  prepare  a  cell  that  really  holds  back  crystal- 
1  Such  a  chamber  is  said  to  be  semipermeable. 
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loids,  and,  on  this  account,  the  danger  t»f  eon>iderahle  error  is  always 
present.  Moreover,  m  solution*  with  ordinary  molecular  weights  the 
osmotic  pressures  are  .so  great  that  very  bulky  apparatus  would  he 
required.  Thus,  for  example,  fin*  osmotic  pre**ure  of  a  I  pi«r  cent 
aqueous  solution  of  sugar  at  l"»..V  (*.  is  actually  U.<»S.">  atmosphere. 

The  dittieulties  in  the  t/mr/  iii*i2^iirriii*-iil  of  iwiimliV  jwxxnrt-  of 
crystalloids  tlo  not  exist  however,  in  tht*  rjiM*  «»f  ntliottls.  Almost 
uny  inrmhratu*  kt'rps  hark  colloid*  and  tin*  small  risrs  an*  easily 
nu»usun»<l.  In  order  to  remove  flu*  stwrees  of  error  due  to  tht*  pus- 
sihlt*  presc'iin*  of  crystalloitls,  we  employ  m«*ml»mn«*s  which  are  |H*r- 
for  (*rystnlU>itts  instead  of  *H*mtj»ermeal»l«4  oiu»s  (collodion 

cH,  animal  memhrune^^. 

rrhciHc  phi/Mfdl  wrthtnls  fttr  th-trrminintj  Ilif  iimlt-culnr  u'ritjht  rest 
on  the  assumpt ton  that  the  substance  in  solution  i*  really  broken  up 
into  molecules  (colloids  cannot  be  vaj*ori/edi.  lliin  condition  iloes 
not  always  exist  in  tht*  <\'ise  of  crystalloid*  and  only  ewptionally 
with  colloids.  With  crystalloid^  the*e  metlMHl*  yield  (inures  tlmt 
are  either  to<i  low  or  !<K*  liish.  The  former  will  occur  if  tht*  Mtb» 
ntancc  LH  incompletely  split  up  if  t\vo»  three  or  more  molecules 
continue  to  be  united  in  solution.  t*nder  the?*e  cin'umNtance.H  \ve  ob- 
tain one-half,  one-ttiirdt  etc.,  the  t»*motic  pressure  that  a  molecular 
subdivision  would  show.  The  ultnunicroMco|H*  and  tilt  ralilt  rat  ion 
reveal  in  many  Dilutions  of  btt^rottotds  particli*^  uf  **ueh  n  *i/e  us 
show  no  tnotecular  subdiviMoti  by  other  method*;  we  may  a.*,*ume 
thi*r«»fcm»  that  collttidal  solutions  for  the  mo*t  purl  contnin  mtilecttlar 
groups,  and  thiii  there  is  no  pniHjtrrt  of  dc'termining  the  trtu-  mol«*c» 
ular  weight  by  onmotic  tnetltods. 

Tlii*  oHtnotic  tnt*thod  yields  a  deceptively  low  tnoleculiir  weight 
if,  for  example*  the  Huhstitncc  is  dissoriated  furtln-r  than  intt»  mole* 
culen.  This  occurs  in  flu*  «fii«*  of  electrolytes.  A  very  dilute  NuCl 
Holution  thiit  htiH  dtHsoetfiteti  into  Xa  1 1  ions  ^liow.*  twice  itit* 
true  OHtnotii*  prexnurt*,  HI  thnt  the  inul(*eulnr  he  .HI*!  nt 

half  itn  rt*al  value.  In  this  re»|tect  we  may  nl*o  make  intMtukeH  with 
colloklH  whenever  they  are  toni/ett.  Tlir  iV  slum's  n#  tmlij 

into  how  Mttnii  frnymcHtx  «  i'ii»i|ilr,r  fomtLv  n|i  in  thr  /inr- 

ticulnr  xnlution.  It  may  y;ive  either  or  niit/i'iiififii  vuhu**  for 

the  molecular  wei|(ht.  Kven  in  the  uf  eryNtnUuidM,  the  methotl 

muxt  be  emplc»yi*d  with  flue  eon*ider»tton  of  all  tin*  conditions  in- 
volved; for  colloid*  it  may  br  exceedingly  deceptive,  WV  know  at 
the  cmt.Mt*t,lM»('UUMc*  of  theenontinus  utoleetilnr  of  eollnid*,  tlmt 

tht*  lowering  of  the  frcex,ttif(  jHiint  usul  tin*  etevutiun  «f  the  hotline 
jx)5nt  mtiHt.  be  very  smnll  tmleeiL  ino*t  ileliente  wrjiMw- 

mentn.  The  matter  INHUIUICH  Mtill  further  ctiinpiietitetl  by  the  fm-i 
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that  crystalloids  are  adsorbed  by  colloids  and  cannot  be  completely 
removed  by  dialysis.  Each  crystalloid  molecule  or  each  crystalloid 
ion  may  thus  falsely  represent  the  osmotic  pressure  of  a  colloid  mole- 
cule having  perhaps  a  thousand  times  its  mass. 

The  coefficient  of  diffusion  may  be  employed  in  the  determination 
of  the  molecular  weight  of  crystalloids,  but  in  the  case  of  colloids 
it  gives  information  concerning  only  the  average  size  of  the  particles. 
The  method  is  not  much  impaired  by  the  increase  in  the  size  of  the 
molecule,  because  it  is  only  the  square  of  the  coefficient  of  diffusion 
which  diminishes  proportionately  to  this  increase.  The  adsorption 
of  crystalloids,  on  the  contrary,  is  also  in  this  case  a  source  of  error 
because  every  crystalloid  molecule  or  ion  acts  as  a  team-mate  of  its 
colloid  particle  and  hastens  its  rate  of  diffusion.  The  objection  to 
the  principles  governing  the  calculation  are  mentioned  on  page  53. 

Before  we  come  to  concrete  examples  we  shall  mention  one  other 
method  which  may  enlighten  us  concerning  the  particle  content  of 
a  solution  —  the  conductivity.  In  a  solution  the  electric  current  is 
carried  only  by  the  electrically  charged  particles  (ions).  In  an  NaCl 
solution  this  is  done  by  the  Na  and  Cl  ions;  in  a  Na2S04  solution, 
2  Na  ions  and  1  S04  ion,  that  is  3  ions,  take  part.  The  assumption 
is  that  many  molecules  are  completely  or  almost  completely  split  into 
ions;  this  actually  occurs  in  the  case  of  strong  electrolytes  when  in 
great  dilution.  The  conductivity  thus  affords  us  fractions  of  the 
molecular  weight:  minimum  figures  (values  less  than  actual). 

My  chief  purpose  in  making  these  statements  is  to  show  what 
facts  may  be  deduced  from  the  various  methods  used  in  determining 
the  molecular  weight;  they  give  only  limiting  values,  so  that  no  con- 
clusion is  to  be  drawn  from  any  one  method. 

The  following  remarks  will  show  what  difficulties  stand  in  the 
way  when  we  try  to  learn  the  size  of  the  colloid  molecule. 

Among  the  colloids  whose  chemical  composition  is  best  known 
are  the  soaps. 

As  was  found  by  F.  KRAFFT  and  A.  SMITS,  very  dilute  soap  solu- 
tions showed  a  well-marked  rise  in  boiling  point;  but  this  did  not 
rise  in  proportion  to  the  concentration  of  the  soap,  as  may  be  seen 
from  the  following  table  by  A,  SMITS  for  sodium  palmitate: 


Concentration  in  mols. 

Rise  in  boiling  point, 

0.0282 

0.024 

0.1128 

0.045 

0.2941 

0.050 

0.5721 

0.060 
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Though  the  concentration  t>  ineivaxrd  twenty  !«»!d,  the  boiling 
point  rises  only  two  anil  one-half  time'.,  lu  H  Mtlutiou  nf  Hi, a  jn,r 
cent  sodium  stearute,  K,  Kttu  IT  found  ub'-olutrh  no  ri*e  in  the 
boiling  point  as  compared  to  purr  water. 

Let  us  examine  the*  conclusion  of  \V,  !tti;i1/,  ami  A.  v,  V*;i;!-;s\rK 
based  on  their  eritieal  study  of  the  o*motie  method.  True  collttiils, 
like  Iron  oxid  and  tungstie  m-iti  show  a  o*iiiotie  pii^-surr,  «uly 

so  long  as  tliev  contain  electrolytic.  AH  the  eleetrol>ti*  v;uit**ht*s, 
the  colloid  partiek»s  ap;Krf»Kat4*  to  lar«er  eotunli«\es  witirh  ihi-u  ceiwe 
to  show  any  osmotic*  pressure.  For  the  e\i*t«*ure  of  th«'^  eolloiilH, 
Borne  eleetrolytt*  eonti*nt  is  nit  nKsolute  ne»fr?*>ity. 

When  tliese  iuvcstigaiorsstuilied  "  eollotfl  eleetntlyte..s,M  {mrtiiniliirly 
colloid  eolor  salts  (eongo  retl,  night  hhie  ?uul  l»*n/«»jmr|mr$n*  whu?*e 
constitution,  mc^leeular  weight,  etc.,  wen-  tletertiiiiieil  by  ehfiuteal 
methods,  tht»y  ohtuiiUHl  results  wliirh  e^jH*riulty  in  flit4  rti^r  of  rutipi 
red  must  be*  closely  examined.  Congo  ml  hzi^  ftp*  f«»rutuhi  I  SsH^NV 
SaOftNji^,  and  Innng  a  stwlhiin  ilisulplumnte,  in  n  rlretn*Ul«\ 

Its  molecular  weight  (Ml  -1  WMi.  On  iirrniiiif  of  its  eleetrulytie  ili.^ 
Boeiation  into  3  ions  (2  crystalltiul  and  I  colloid)  we  would  r\$iect 
an  osmotic  pressure  thret*  times  u,s  wueh  n,s  it^  iimlwitur 
would  indicate,  Innteiul  of  this  W,  M.  ll.\vt.rHH  mtil  W,  liii/r/, 
and  A.  v.  VKCJKHACK  an  well  as  |)US*SA\  nst*l  HAtiuts  ol»tHine«l  hy 
dialysis  against  pure  water  a  pressure  whieh  apjm»\inmtely  "»  |n*r 
cent  IOWCT  than  would  have  l»een  ohtaineil  the  tfftilr«i«rbfi*tt 

.molecule  t>een  active,    The  explanation  is  not  tltiltntlf ,     LH  m 
nato  hy  II,  the  acidic  color  radical  t>f  eongt>  retl»  then  eottgo  re* I  hn.**  the 
formula  R.Naa.     In  nolutton  a  (xirtton  IHTOIIU^  iotii/e«i  into  It  uml 
Na  Na,  of  which  some,  even  though  i»oHsihly  «*nly  a  fructinn 

forms  with  the  II  and  Oil  iotw  of  the  water  1111  U'ulur  nei«h  itnti 
NaOH,    This  occurrence*  would  IH*  wit  limit  miirli  influence  fit 
ing  osmotic;  prmsuro  if  the  m{kfisuretnenl  in  n  rln^rtl  ve-^el 

iu  which  the  equilibrium  was  uiulisturUHt,     As  n  ntalter  of  the 

inoaHureiucnt  in  made  in  a  membrane  jiertnetihte  for  elei-trolytes, 
Coii80(iu«ntly  tho  NaOII  which  ha*  ttf*f*n  font  ml  nittl 

Home  fresh  color  acid  (H1I)  may  bi*  foniieit.    This  unn-rHs  rtiiiiintii^ 
until  practically  only  color  acid  nmmms  in  the  mi'tubrniie,    <  Con- 
sequently in  this  instance  we  have  not  measured  the  uHmotic? 
pressure  of  the  ekwtrolytinilly  H!  roiigly  cltHstH-iutiHl  mlur  niili  I  nil 
of  the  practically  undwHoeini ed  color  aetil.    If  tntw*ureil  outer 
water  containing  (ilootrolyt<*H»  it  yiehls  a  rrri/             f*f«w  iwntufir 
preasure,  equivalent  to  a  value  for  M  of  20KH.     We 
underatand  thin  occummcu  when  we  have  Iteruitii*  more 
the  equilibria  of  rnenibranen.    Hi*«*  pane,  fill. 
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We  shall  only  indicate  here,  that  when  the  colloid  electrolytes 
(thus  BILTZ  designates  salts  in  which  one  ion  is  a  colloid)  and  the 
electrolyte  in  the  outer  water  have  originally  the  same  osmotic 
pressure,  there  is  a  gradual  penetration  of  the  outer  electrolytes  but 
the  colloid  electrolytes  cannot  escape.  Consequently  the  osmotic 
pressure  in  the  cell  is  the  resultant  of  osmotic  pressure  of  the  colloid 
electrolytes  plus  that  of  the  electrolytes  which  have  entered.  If  the 
latter  have  an  ion  in  common  with  the  colloid  electrolytes,  we  do  not 
find,  as  might  have  been  expected,  that  there  is  an  equal' division  of 
the  true  electrolytes  (e.g.,  NaCl),  but  on  the  contrary,  outside  the 
osmometer  there  is  proportionately  more  NaCl  the  more  dilute  the 
NaCl  solution  is  (see  page  62).  The  osmotic  pressure  of  the  colloid 
electrolytes  is  consequently  depressed. 

From  this  it  follows  that  the  values  determined  by  the  direct 
osmotic  methods  require  revision.  E.  H.  STARLING  obtained  4  mm. 
Hg  osmotic  pressure  for  serum  colloid  in  1  per  cent  serum,  thus  ex- 
pressing an  apparent  molecular  weight  of  about  50,000.  E.  W.  REID 
obtained  a  pressure  of  369  mm.  Hg  for  a  1  per  cent  hemoglobin  solu- 
tion from  which  is  deduced  an  apparent  molecular  weight  of  about 
65,000,  a  figure  which  approaches  the  values  obtained  by  the  diffusion 
method  by  R.  0.  HEKZOG  and  Sv.  ARRHENIUS. 

These  figures  are  4  to  10  times  greater  than  those  determined  for 
the  molecular  weight  by  chemical  means. 

As  a  matter  of  fact  the  theory  of  the  direct  measurement  of  osmotic 
pressure  is  so  difficult  that  I  do  not  know  any  results  which  are  not  sus- 
ceptible of  adverse  criticism  (see  F.  G.  DONNAN'S  theory).  As  the  re- 
sult of  direct  measurement,  we  know  that  colloid  solutions  actually  have 
an  osmotic  pressure  and  that  it  increases  with  the  amount  of  dispersion. 
Theoretical  considerations,  however,  show  us  that  this  osmotic  pressure 
must  be  low.  Theoretically,  all  solutions  which  contain  the  same 
number  of  particles  of  the  dissolved  substance  exert  the  same  osmotic 
pressure.  Thus  all  normal  solutions  (leaving  out  of  consideration 
dissociations,  associations  and  other  changes)  exert  the  same  osmotic 
pressure,  namely,  22.4  atmospheres.  Normal  solutions  are  such  as 
contain  the  same  number  of  molecules,  namely,  one  gram  molecule 
per  liter.  A  normal  salt  solution  is  one  containing  58.5  gm.  NaCl 
per  liter  and  a  normal  hydrogen  solution  is  one  containing  2  gm.  of 
hydrogen  per  liter  (theoretically).  By  various  means  which  yield 
rather  concordant  results  it  has  been  determined  that  2  gm.  H  contain 
6.1  X  1023  molecules1  or  fragments  of  molecules  or  molecular  com- 
plexes, i.e.,  particles  in  solution  exerting  22.4  atmospheres  of  osmotic 

1  This  figure  (6.1  X  1023)  is  called  Avogadro's  figure,  and  the  various  methods 
for  deriving  it  give  quite  uniform  values. 
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prcssim*.  Wh«*n  wi*  nw*idt*r  thai  I  In*  tinfst  particle*  of  a  col- 

loidal gold  solution  have  :i  diameter  of  only  «W  !  ^i  dimension  one- 
fifth  that  of  ultnunieroscopie  vi^tlaSttv  *  :  aeeurdintf  in  S\  KmtKiet*  in 
order  to  make  a  normal  colloidal  gold  Dilution  we  Mioutd  have  to  cram 
">{>  kilos  of  gold  into  n  liter,  which  would  have  to  contain  O.I  ;<  HP 
such  gold  particles.  It  i^  natttnilly  ii$i}HM,sjJilr  to  du  thi^;  the  mo^t 
thai  can  IM*  disMtlvrtL  t'\|HTmirntHlly,  \*  tm**  j«'r  Htf*r.  1'iidcr 

favonihlc  couditioits  nuch  soluti«»tH  Iwvr  nn  osmotic  pn*>stiri*  of 
4.">  X  H)  '*  ntino34|iht»rt\  /.*•.,  they  would  ri^i*  l,fk*i  mm,  in  an  o^moiu. 
ottT,  or  IN*  in  t*quilii»rium  with  t4i*^lriiiyl«^  which  imxiify  tin*  rlt»cfro- 
lytic  or  Itydrolytir  iii^tiriiilion  nf  rotioid  i*li«ctrulyti'Mt 

It  is  uiuuTcssury  to  nil  tilt  tgtir  nil  thr  d«»/«4n^  of  fruit  Irs*  investi- 
gations of  tti<*  inniiruhir  wi4i^ht  of  collottU  in  plivnica!  iut*tiuHls. 
llii'V  i*ithrr  guvc  surprisingly  low-  iiitilrcular  wriuhts,  when  it  could 
hi*  shown  on  fi4.Htiiig  thnt  tht*  colloid  WH,*  cnntaminnttMi  \vitlt  crystul- 
loiils,  or  the  vnluiM  were  >*o  ^nutll  ^thr  inuleeulnr  weight  *•»*>  lar^e) 
that  they  fell  within  thr  limits  of  rrn»r  «»f  i*l»servutiun,  which  tnennn 
that  it  hcciiiUi*  doiibtliil  whi*ther  tin*  cnlloid  Mudied  had  any  n»tttntic 
prcRHure  lit  all.  The  tnt*h-ntlnr  is  flu*  e\prrs.Miw  nf  *i  chemical 

point  of  view  which  lw*  tlrkrwint'ti  /*»/  |il«i|,**ifiil  wrthtttfa  fttf 

ndltutltt,  Whitt  wt*  ohtasii  hy  these  methods  nr^  iu*»re  or  lens  nu- 
merous grtiti|ii4  of  ino|i*riili^,  in  nd^orptioii  liahincc  with  irrt»« 

ntovitlile  traces  of  cryMtnlloids  whit*h  cannitt  !«*  *i*|«inif«*d,  or  which 
tin*  in  ci|tsilittritiiti  with  fleet  rolytt*.**  thnt  iittlueitci*  the  clrctrulyttc 
and  hydrolytic  dwuriittinii  tif  ttn*  luitloiil  electrolytes, 

In  the  present  statr  of  the  nrirnre  we  may  only  Ntrivt*  to  determine 
tht*st£t*  of  the  parttelrs  iti  *it>)utions  of  t*olli»ids  vnri<m.H  1 


in  ^!*ittift«»iiiirv  imrttrlt**!         tit  IH-  with  fli^  nt»t  »f 

-Tr.) 


CHAPTER  IV. 

PHENOMENA  OF  MOTION. 
Brownian-Zsigmondy  Movement. 

UPON  examining  a  drop  of  milk  under  the  microscope,  we  are  at 
once  struck  by  the  appearance  of  the  fat  droplets  on  account  of  their 
strong  refraction  (a  dark  ring  with  a  brilliant  center).  It  is  seen 
that  they  exhibit  a  certain  oscillation  (trembling).  This  character- 
istic oscillating  movement  is  more  intense  with  the  smaller  droplets 
(Fig.  5),  whereas  those  having  a  diameter  of  more  than  4  ^  do  not 
show  it  at  all.  The  phenomenon  is  named  after  the  English  botan- 


FIG.  5.    Brownian  movement  of  milk  globules.     (From  O.  Lehman.) 

ist,  ROBERT  BROWN,  who  discovered  it  as  early  as  1827,  in  an  aqueous 
suspension  of  plant  pollen.  It  may  be  observed  in  every  suspension 
or  emulsion  which  is  sufficiently  fine.  Particles  of  1  /*  diameter  show 
a  radius  of  translation  of  1  M.  The  "dance  of  the  motes/'  the  rush- 
ing hither  and  thither  of  the  bright  particles  observed  in  the  ultra- 
microscope,1  is  nothing  else  than  an  enormously  exaggerated  Brownian 
movement,  due  to  the  fact  that  the  particles  are  much  smaller  than 
those  that  may  be  seen  under  the  microscope.  Particles  of  10  to  50  MM 
have  a  speed  of  more  than  100  M  per  second.  These  movements 

1  R.  Lorenz  correctly  calls  attention  to  the  fact  that  the  great  advance  in  our 
science  does  not  date  from  Brown  who  observed  the  " oscillations"  of  microscopic 
particles  t^ut  from  R.  Zsigmondy  who  recognized  that  particles  of  molecular 
dimensions  are  in  a  similar  mobile  state.  (Frankforter  Ztg.  4.6.11,  I  Morgenbl.) 
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seen  under  the  ultramieroscope  an*  cjimpunibli'  IM  th»'  duner  uf  the 

molecules  in  accordance  with  the  KtftHtr  Th«*«»ry  »*t  i  i;i™*.-.. 

The  speed  of  the  particles  U  dependent  tut  the  UM-idity  HI  shi* 
dispersing  medium  and  inerrasts  with  n  ri*e  tit  temperature.  It  j* 
very  pertinent  to  enquire  at  this  point  wlit'fhrr  we  hen-  .s*r  /lif  *m«r- 
mentt*  of  the  mvlt'ciilt'i*  //**msv/r*'.s\  lit  a  evrtjiin  ^ense,  titi^  IUZIN-  l*f 
answered  in  the  affirmative*  Though  w**  niiiiiHt  y«*t  -HHV  th;it  fhU 
mov(*ru(int-  is  inh<»n*Jit  in  the  purtirl****,  itf,»  tlutl  it  \vt»ut«l  1«*  rurnitt 
out  by  the  partieh»s  th**mselveHl  \vi«  ftiity  tt.^rrt  tliiif  it  IN  rHU^*«t  by 
blows  from  the  molecules  of  the  solvent, 

A.  KiNrtTKiN  and  M.  VON  S.MMt,t't'iio\VHK,i  linvr  tniifpruitrutiy  ill- 
duecnl  from  th(»  Kinetie  lli^tiry  uf  (Jn^rs,  laws  fur  tin*  flrtntniiin 
movt*ment  (exte*nt  of  movement*  infiiinir**  nf  tt'iiipi-rnttin'  unit  vis- 
cosity). It-  iuiglit  be  uHHU!iit*d  *J  |in"nri»  th:it  n  itiir!nslr  fluiifing  m  n 
fluid  would  remain  at  rent,  for  it  .Hiimiltiiiiriiii*4y  tvrvivr*  fn»m  nit 
niden  an  cnjual  number  of  impacts  from  mojrcult^.  "fhr  fjilttun  uf 
this  assumption  is  shown  by  M,  VON  SMMMVUUVV^HI  in  n  vrr>  pn-tty 
comparison.  If  we  play  rottlrftt*  fur  21  !mig  tsinr  thr  rhaiici^-*  for 
gaining  and  losing  are  equal  itii.^rr|»iinliiig  tip*  bmikrr?,  If  \v*'  pbiy 
only  a  short  time  we  win  tint*  dny  suit!  t*wr  flir  itr\t>  In  nthcr  wunh 
tlu*  law  of  prol)abilities  shows  thiti  tin*  rxn*-^**  nf  umlrriiinr 
which  reitcli  a  particle  in  n  givrn  quart  i*r  *ulfirr  |«  K»VI-  if  titn^-i-iui'tit 
one  direction  or  another  din*c*tttiii.  The  Httiultrr  tip-  pnrtirli-.  tlm* 
greater  is  the  probability  that  the  im|mct*  will  not  nrn^t  it  llif 
wtronger  is  its  movement. 

The  formula  of  VON  HMOU^HOWHIU  n,^  well  ii,^.          of  A,  Kt  \M-MN 

demands  that  '~~s>  be  constant  for  equal  f*i/,«»i!  purtidrM. 

A  »  amplitudts    r,  ?w  visrostty,     I*  •-  oMrittutioti  ftittr. 


Til,  SVKDBKIKI,  by  brilliantly  tlrvtwii    mH  hints,  itit^iHtiri^l    tln^r 
values  on  colloid  tnotats,  in  various  ttt»|tt'r*intt  itp-iltn,  i^trib- 

lishcd  tin*  conHtantn.      It  in  tnii*  ttmt  tin*  uliHulutt*  fur  tin* 

mciwurcd  and  for  the  ciilctiliitcit  ainplitutlirH  tin  nui  t-.xiirtly 
but  they  arc  of  the  name  order  of  muKfittttdi*;  t,*-,,  tltr  vfilurn 
an»  on  th(*  av(»ragc»  three*  timi**  m  IIH  thom*  mlt*uliiti'i|.  SM*i»Ui, 

also,  confirmtHl  the  quantitative  iiu*rt*a*t*  <rf  amplitinlr  nfroinpnuy- 
ing  a  rise*  in  tempCTature, 

This  IB  a  rcmarkal)lo  agreement  bi*twi»t»ii  thi«  niovrfttrntH  of 
particles  seen  with  the*  c*yon  and  tht«  hy{mthi*Ht*  »f  tin-  tnttvi-ifirtit^ 
of  gas  molecules  bawnl  on  Bcieittific*  iimigiiiatinii,  which  K«*»Kvtf»  tit 
1856  and   CLAUSIUH  in    I8fi7   fori!iiilnft*i|   timthi'iimtirntty 
theory  of  gases).     All  iiweHtigntionM  that  havt*          U^it  unilcrinkfii 
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concerning  the  laws  of  gases  and  the  movement  of  colloidal  particles 
have  essentially  agreed  in  showing  that  the  laws  of  gases  proved 
applicable  to  very  dilute  solutions  of  hydrophobe  colloids  and  con- 
versely, that  the  laws  of  gases  could  be  developed  from  the  move- 
ments of  colloid  particles.  BOYLE'S  law  asserts  that  the  volume  (v) 
of  a  gas  is  inversely  proportional  to  the  pressure  (p)  exerted  upon  it: 
v  :  vr  =  pr  :  p.  According  to  GAY-LUSSAC'S  law  the  volume  change 
of  a  gas  having  the  temperature  00  is  v  =  VQ  (1  +  at}  in  which  VQ  is 
the  volume  at  0°  and  a  is  the  coefficient  of  expansion.  From  the 
standpoint  of  molecular  kinetics  under  doubled  pressure  twice  as 
many  moving  particles  are  present  in  the  same  space.  With  increase 
of  temperature  (assuming  the  same  pressure)  at  times  fewer  parti- 
cles are  present  than  in  the  same  gas  volume  at  0°.  This  assumes 
average  values,  though  in  fact,  the  number  of  particles  in  a  definite 
volume  varies  from  moment  to  moment.  If  this  assumption  is  correct 
the  average  of  the  "instant  values "  must  give  values  which  sat- 
isfy BoYLE-GAY-LussAc's  law.  M.  VON  SMOLUCHOWSKI  developed 
mathematically  the  relation  between  this  law  and  the  "  instant 
values."  He  obtained  experimental  verification  when  TH.  SVEDBERG 
counted  the  number  of  particles  for  an  "instant  value"  directly  in 
the  ultramicroscope  and  R.  LORENZ  counted  the  particles  in  cine- 
metagraphs  of  the  ultramicroscopic  field.  The  assumption  also 
bridges  the  gap  between  Thermodynamics,  which  studies  phenomena 
on  the  basis  of  the  involved  energy  and  its  transformations,  and  the 
Kinetic  Molecular  Theory,  which  views  matter  as  the  smallest  possible 
particles  in  motion. 

The  impact  that  our  ultramicroscopically  visible  particles  exert 
against  the  walls  of  a  vessel  is  the  pressure  they  exert,  and  it  is 
measurable  for  a  molecularly  dispersed  system  as  the  osmotic 
pressure. 

The  osmotic  pressure,  a  function  of  the  mass  and  motion  of  a  sus- 
pension whose  particles  are  visible  and  measurable,  was  shown  by 
J.  PERRIN  to  coincide  with  the  requirements  of  the  Kinetic  Theory 
of  Gases  and  of  Thermodynamics;  that  is,  with  its  energy  content  in 
the  form  of  heat. 

The  following  considerations  make  this  clear.  Under  the  influence  of  gravity 
the  lower  layers  of  the  atmosphere  have  a  greater  density  than  the  upper;  i.e., 
the  number  of  gas  particles  (molecules)  in  1  cc.  is  greater  in  the  immediate 
vicinity  of  the  earth  than  at  higher  altitudes.  This  applies  not  only  for  gases 
but  also  for  solutions  or  suspensions. 

J.  PERRIN  prepared  a  very  fine  suspension  of  gamboge  which  he  placed  in  a 
tall  cylinder.  Gradually  under  the  influence  of  gravity  an  equilibrium  developed 
in  which  there  was  dense  suspension  at  the  bottom  of  the  cylinder  with  gradually 
diminishing  concentration  of  particles  in  the  upper  layers  —  an  atmosphere  in 
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miniature  (Fig.  *U,  H>  tn**ui«  »i  f**»  u<*:  *«*>'*•  ,  •»  I* 
eaeh  layer  of  0.  i'J  mm,  Hi**  «»  IH  »!a<  i>/  -'if  "  *  ;  r* 
by  the  following  formula  applii  i!4»  in  fit  '  *u«  i  *  ***.*' 
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Diffusion. 

If  purr  wulrr  i  ^  li\*  jr»  4  » 
tratnl  "uunr  or  -'tilt  ul^nmi 
U  IM»  !iii\iiii**  it  i  ^  (MMH»J  i  h  i?  ,iit«  i  1 1  *  sf  HIM 
tilin*  ibiiiift  Mf  «i:i\  ,  Us*-  tu*/iJ  **>  -  Jill 
j  in  •»**»"•  iiitM  lti#  %iiif»i<  ««  ii  tli.tf  if 

dtffnws  illtii   tilt"    Illifrl,       II    »»|$r  rhuuWH  Ii 

t*4iliir«l          Mfthiti«»ii,  f.fi,,  rit|i|if"r  Hiii|ijiiiii% 
tin*   jtlith   nf    tfw*   t!tfTii;Mtif!$   iiiiiv    I»*M 
titrHi»r%*i*it  !<y  thr  t'ii!nriiti«»ii,     It  i^  HI 
<*t|ilr  flit*  |tfttri^^  H,M  imr 

ntttrf  II  itt.tiii|tri^4i4rii  In  Htfrjiifi 

iiir      tiii<  tlt*4trirlttiii        unly  in  f  h** 
t*nr**  in  *jw**»l. 

It   ftiiH  lw*i«n  'li«i»ii  fliit   iiilt*  r*  lit     *»*!»•• 

Vi*r\    ililli'I*  til   f;tf»  !*  iff  4iiftl* 


Hhi 

Hhowing  the  n-  ft,t 

ity.     (Pt»rrin.)  ^llliNtlllli  «*^,         Ihr.t'     rlntiiirtf  n  -ts**     »'<«» 

slant*    nil*   nilli  »t  r»«^ir.*F*f     **iT  *f  ff-j  ,,»«». 

The  cooffident  of  cliffuHum  <»xpri*bM*4  flu*  uinuuitt  nl  v»i1*  f  m**<  nhu-h 
pannes  through  ati  arm  I  cm/  jn*r  M-nmil1  Cr**iii  i  ^lufiHii  .•«*»<!•««« 
ing  I  part  per  cc. 

1  Because  thw  time  in  *t>  hrit»f  it  i^  tt«tMUv  nw  -  n  v  f<»  i<mU»|»ly  tli»-  *-?«*i!i*-iruif» 
by  a  large  factor  or  to  chooM*  ttn*  *!AV  wi  tin*  iitiif  n\  f  it4«<- 
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It  is  evident  that  these  values  are  free  from  any  hypothetical  con- 
siderations. It  has,  however,  been  shown  that  the  coefficient  of 
diffusion  for  crystalloids  bears  a  certain  relation  to  the  molecular 
weight.  Small  molecules  diffuse  rapidly,  large  ones  slowly.  When 
suitable  formulas  are  used  there  is  very  satisfactory  correspondence, 
provided  the  molecular  weights  are  not  smaller  than  50  nor  larger 
than  500.  A  further  advance  was  made  by  seeking  to  calculate  from 
the  coefficient  of  diffusion  the  molecular  weights  of  colloids  whose  M 
was  unknown.  The  results  were  not  concordant  because  the  moving 
units  in  colloidal  solutions  are  not  "molecules"  but  "particles/'  that 
is,  complexes  of  molecules. 

If  we  connect  the  fact  that  the  coefficient  of  diffusion  decreases 
with  increase  in  the  size  of  the  molecule,  with  what  we  know  about 
the  Brownian-Zsigmondy  movement,  the  relationship  is  surprising.  We 
have  seen  that  the  movement  is  smaller  as  the  particles  grow  larger 
and  it  is  evident  that,  when  we  layer  water  over  a  metal  hydro- 
sol,  the  strong  translator^  movements  which  we  observe  under  the 
ultramicroscope  must  carry  the  hydrosol  into  the  pure  water.  In 
coarser  suspensions  possessing  only  vibratory  movements,  we  do 
not  expect  diffusion  to  occur.1  SVEDBERG  measured  the  diffusion 
coefficient  in  different  solutions  of  colloidal  gold  and  calculated  the 
size  of  the  particles  from  the  very  simple  relation  (particle  size  in- 
versely proportional  to  diffusion  coefficient).  The  experiments  were 
carried  out  with  two  gold  solutions  which  contained  particles  of 
l-3jUM  and  of  20-30^^,  directly  measured  ultramicroscopically. 
There  was  a  relatively  good  agreement  between  the  results  as  cal- 
culated and  determined.  A  direct  relationship  between  the  Brown- 
ian-Zsigmondy  movement  and  the  coefficient  of  diffusion  cannot  be 
experimentally  established  by  methods  free  from  criticism,  because 
the  hydrophobe  hydrosols  (e.g.,  colloidal  gold,  platinum  and  the  like) 
which  may  be  counted  under  the  ultramicroscope  cannot  be  prepared 
entirely  free  of  crystalloids.  Since  every  crystalloid  molecule  which 
is  attached  to  a  colloid  particle  must  greatly  accelerate  the  diffusion 
of  the  latter,  we  are  confronted  with  a  source  of  error  that  is  uncon- 
trollable. 

A  series  of  coefficients  of  diffusion  have  also  been  measured  for 
hydrophile  colloids,  which  though  they  have  not  the  exactitude 
possessed  by  those  of  crystalloids,  reveal  a  remarkable  constancy 
so  that  they  may  be  considered  characteristic  for  the  substance 
under  consideration  (Sv.  ARRHENIUS,  R.  0.  HERZOG,  EULER, 
OHOLM). 

1  For  the  mathematical  relations  between  diffusion  coefficient,  molecular 
weight  and  molecule  or  particle  diameter  see  R.  0.  HERZOG  and  L.  W.  OHOLM. 
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All  the  faets  mentioned  aU*v«  indiifat**  ttfsit  IU*»  -^  * 

even  in  l!Mir»l  that  thi*n*  is  a  gradual  ft  m  t!!4<»?  t«  «*u 
eolltitd  Holutions,  and  that  tin*  tian  lalon   111*^^*11^11*'    r «' 
of  a  colloid  iH>rn*sjK>ntl  to  the  dit)*u*>itm  *»^'  **s**  t.iiu>i.l  n< 

[Silt   W  11*1,1  AM    ItAMSAV,    III    H    J0f**9f    «*!.t;tjfd    '    !*#  4*  1 

Itelation  to  (*t>lliudal  Sohuion4**'  pul»h"h**d  it*    **  1^ 
Vol.  05,  p.  IK)  [1K02),  stated  a^  f«»l!tnv^ 

11 1  am  disjHwed  to  eonelutU*  that  *oht^ 
won  and  admixttire,  owing  to  attraetion1 

solved  Hubntanet^   aeeompnmed  by   |H*d»*He   iipitpju,     '*  if   *!,i-  t^^ 
oHinotu*  prt^Hurt*  ha**,  probabU^  nmri   tufit  inri'in^l,    ^Kt!  f^i*    i 

won,  and  matter  in  notation;  tlut»  in  th»4  «i*i»J.  ni  fi*'  ,t!«l   nl^ 
Natura  nihitjU  prr  wt//wi/*.M     Tr,| 

in 

Hitherto  we  have  eoimid«*n*d  only  dtfifu'.}****  n$  pun  jifiMiHr*  *»%«• 
turn;  in  the  organism ,  however,  it  win-  in  :i  w*t  **»  3«  '-  J*-v*  * 
colloidal  mtKlium.  When  tin*  eonei'tttntiMt*  *»/  f!i  ^IMI  I  r  i^«t 
very  great,  the  dUTu*ion  w  not  maeh  11111*^4^1  I  .  »4i  i  -Mi*U  it 
wan  even  believed  that  diiTumnn  of  a  er%jf*ili«u»t  M!»IU  «n  *n  i  ;^> 
f.ff.,  gelatin  or  agar,  <»rrurn*d  jiint  a>  ra|ii«U\  a  in  |«in«*  »  *^  r  IKt 
wan  the  result  of  employing  an  ttit,ii4r  ?  %jif  rnii«  1^  i<  n*  v,  I  . 
The  mveMtigatumH  of  H.  HK<*UHOU»  aitfl  J.  /n  »4  i  n  *-  KMU  \Jt  %  >  n,* 
PKTKK  NKLL*  and  L,  W.  (taut,*!  *h<mi'd  d*fuut«)v  it  \*  >  -i^.,^*- 

the  rate  of  difFumori  by  obstntrttng  tlntr  p.ith      \i»l  it#i»  »li-  JM»I» 

fonmcc  increased  if  the  gel  Ixrcium*  rrtcin* 
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Even  the  age  of  the  jelly  may  have  an  influence.  Thus,  F.  STOF- 
FEL  *  showed  (from  H.  ZANGGER'S  laboratory)  that  the  diffusion- 
path  of  crystalloids  in  gelatin  which  was  rapidly  solidified  is  greater 
than  it  is  in  gelatin  which  was  slowly  solidified,  but  that  this  becomes 
equalized  after  several  days. 

The  rate  of  diffusion  may  be  delayed  or  hastened  through  the 
presence  of  a  third  substance.  This  affects  the  diffusion  in  jellies  to 
a  much  greater  extent  than  in  liquids.  On  page  69  et  seq.,  we  shall 
see  that  chlorin,  iodin,  nitrate,  and  other  ions,  urea,  etc.,  favor  swell- 
ing; on  the  other  hand,  sulphate,  citrate,  and  other  ions  as  well  as 
alcohol,  sugar,  etc.,  as  compared  with  pure  water,  diminish  swelling, 
so  that  to  a  certain  extent  the  meshes  of  the  colloid  network  may 
be  opened  or  closed.  It  is  easy  to  understand  that  diffusion  will 
occur  less  rapidly  through  narrow  meshes  than  through  wide  ones. 
That  such  an  influence  on  diffusion  actually  occurs  was  experimen- 
tally shown  by  H.  BECHHOLD  and  J.  ZIEGLER.  They  showed  that  the 
permeability  of  gelatin  and  agar  jellies  for  electrolytes  and  non- 
electrolytes  was  increased  by  urea,  whereas  it  was  diminished  by 
sodium  sulphate,  grape  sugar,  glycerin  and  alcohol.  An  increase  is 
also  produced  by  sulpho-groups,  according  to  BOHI.* 

It  is  evident  that  every  substance  which  increases  the  permeability 
of  other  substances,  paves  the  way  for  its  own  passage  as  well.  If 
a  jelly  has  been  saturated  with  urea,  the  later  coming  particles  of 
urea  will  diffuse  more  rapidly;  conversely,  sodium  sulphate  and 
grape  sugar  particles  obstruct  by  their  influence  on  the  gel  the  pas- 
sage of  the  subsequent  particles. 

There  are  other  ways  in  which  diffusion  in  a  gel  may  be  dis- 
tinguished from  that  in  aqueous  solution.  We  know  from  Chapter  II 
that  colloids  adsorb  other  substances  to  a  greater  or  less  extent. 
By  this  means  diffusion  may  be  more  or  less  impeded  and  under 
certain  circumstances  even  entirely  arrested.  This  may  be  ob- 
served with  ease  in  the  diffusion  of  dyes.  H.  BECHHOLD  and  J. 
ZiEGLER*2  showed  that  gelatin  was  deeply  stained  with  methylene 
blue  and  thus  the  diffusion  in  the  gelatin  was  impeded;* whereas  the 
juice  of  red  beets  is  a  dye  which  is  not  noticeably  adsorbed.  Finally, 
if  we  observe  that  adsorption  is  strongly  influenced  by  the  presence 
of  salts  and  non-electrolytes,  and  that  an  effect  on  diffusion  is  thus 
exerted,  we  shall  see  what  great  complications  may  appear  when 
diffusion  occurs  in  colloid  media. 

Though  a  diffusion  of  colloids  in  aqueous  media  was  long  doubted 
the  diffusion  of  colloids  in  jellies  was  positively  denied.  THOMAS 
GRAHAM  held  it  to  be  characteristic  of  colloids  that  they  were  ar- 
rested by  other  colloids.  H.  BECHHOLD*2  called  attention  to  the 
*  [Graham  recognized  the  slow  diffusion  of  colloids.  Tr.] 


l\    If/M/MM      |\;»    MU»t'i\t 

ability  of  true  albumins  to  dittu  »   mio  n»  1  IIP*  j»  *i*     ,      11***    f  w  I  »'M 
demonstrated  by  mean*    of  thr  ^*  *<•  ^  '  •      «  •  *  I*  ,"it    *»  IMU 

is   mixed    with    rabbit      »-nun    nofhuu.    nut*  UMU;  **    M,  IMU  ,     I:    f!,t 

milt  »it    llHH   plV\  ioU"-l\    b*M  n    mj««'t»d    VkJlh    ri*  l!      »i"JU4   .Ml  i    '/j*       Mfilli 

of  th«»  jirtn  tui!"ly  tivatfi!  r;il»!»tf  r.iii»»i  ';»*»*  s  \  '1^1  n  \iu"  \* 
HUMnl  \\ith  ftont  >t*riiin  flu  it  OITUI  ;t  /  *•/'!;'  •  *>!  .m  il  ,»mj 
nous  Mil^tHitt*t%  ntlltit  "pr«rip»t;it,"  I»i«u!i«^st  in^'»I  4  1  )**?  ^  n* 
HiiUititin  raittjiiiiiiii*  O.s,»  p»  r  i  «-s»t  \  >.<  l  \\^\.  ,ui  »^*ul  ^«M 
of  gttaf-rii!*ltit  SITUIU.  Hii  j*  1I>  w,i.  *»i»*|jf^'!  *ti  fl^  !»•*«*  **  *  % 
iiiul  goat  st*ruiu  \vu-s  IjiytTnl  «»\»  r  if  .  \t  fh*  r  ;*-}  »«i  *t  !i*»*u  *  *  %  4  h 
f*»nni*«I  In  tin*  i^litiit  \%hi«'h  su  *!.«  »*HUI  »  *»f  I3f  'i.  '*,,«» 
us  far  as  «"»  iniii,  T!i*  ':tii4»  p^»h»»mMi«  M»-IUIII  I  ud^ii 
tin*  golatiu  was  rui\»*tl  utth  i*i*:it  .1  nuu  HIP!  r**iM.i  «!*it  »f«»ut  ^.i- 
hiyt*ml  ovt*r  if.  Thtis  in  ln»t!i  r,i  r  ;ir»u  ii  *%»n^i«f^  sit  I*M  j  1  «  nii« 
hud  tiifTtustul  iiiti*  tlii'  Krlatin. 

Similarly,  Sv.  Aitun^xifh*  mtil  l*is,  M\i»^>N  »*hn««'*l  tluif  IP*! 
only  diphtheria  toxin  and  tHannlysin,  l»nt  l!»*  innjilv  rtiilmdui  »hph- 
tlu*ria  antitoxin  and  antitt*tHnoly<in  rtmld  diffu^r  into  "i  j«-r  r«-nt 
gf»lntiri  jolHt'M. 

Siirli  a  difTtiston  of  colloids  into  a  Jt-lly  naturHlly  isuiv  l»i-  r\jwrtf*| 
if  tin*  mt*Hht*s  nn*  quite  mid**,  i,*\,  if  thr  ji-lly  in  qint«-  dUutr, 


It  will  lit*  appropriutr  to  intnnhirt*  thr  ronn-pt  irf  ""iiiri!il*rnitr  "  m 
tht*  following  way:   if  \v*«  mnkt*  flu*  rolluid  tnvdium,  flu-  jr-lh.  „  iliirLi-r 
and  thieki*r,  >.r.,  JHIOHT  in  wnt**r,  dilTuMon  iisti-4  )«-  inrr«*u^initiv 
<l«*rckd.     \Vt*  vt»ry  w«»n  fnirb  it  fMitist   \vhrrr  n»«  rollMi*!^  ar*-  t«i 

dilltiHc*  into  it  ntul  wr  hnv**  n-achi'd  ti  Bjwri.nl  ri^r  in  «*nr 
c%X|Mmiticm,  tin*  wnwliruwr,     \Vr  may  4t^rnl«-  mrmlirnni''^  in  u-rrrrr- 
wWr  i;ii^f  whom*  nurfutv  in  very  in  ri«Ijiti»*n  to  tht-ir  iliii-Lip-^, 

Thc»y  play  an  inipiirtiinl   mlr  in  tin*  J»m    uc 

diwniHH  thrir  grnmil  pn»|H*rtirs  tinly,  a,^  tlinr  l*ii«lt«|iiii! 
will  In*  c«nHuU»ntt  tit  Purl  II  L 

An  rxcdlcnt  gi*n(*ral  r^tutn^  with  n  nunpirti* 

htiH  IHH»H  puhHshwi  liy  IL  KANUUKII  I"  Mc*!nlinittt*H  ntiii  tl^ 
of  Membrane"). 

On  account  of  the  ureat  ptiysteal  ami  rhrftit»Ml  «Lti«r«nrk  •  «,f  -li 
membnuwH  of  the  orgiinwmn  fin*  emplityim  nf  irf  »r,f  *J*  ,»»/  M,*-*^-./^.^ 
in  pn»ferahie  for  the  Htudy  of  their  ehirf  |m»|trrtii-N, 

If  a  very  dilute  nohitutn  of  iMititMHium  frrruryuntd  i*  nirrf«iU\ 
layercnl  over  a  eonitentratcil  Holuttim  of  mpjMT  ^itlithnt**.  i* 

formal  at  the  layer  of  coutaet,  hy  ehemieul  tnti*rrlmtmr,  it  v«-ry 
brown  film  of  copper  feiroeyanuL     Natiiniliy  thi.n  film  i*  vrrv  ilrli- 
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cate  and  is  torn  by  the  slightest  movement.  If  we  add  gelatin  to 
each  solution  and  permit  the  two  salts  to  diffuse  towards  each  other 
in  the  jelly,  there  is  formed  at  the  layer  of  contact  a  very  resistant 
membrane  supported  by  the  jelly.  Expressed  generally,  if  we  per- 
mit two  substances  which  form  a  precipitate  together,  to  diffuse 
towards  each  other  within  a  colloid  medium  which  serves  as  a  sup- 
port, a  membrane  is  formed  at  the  surface  of  contact  which  may 
have,  depending  upon  the  nature  of  the  reacting  substances,  very 
different  degrees  of  permeability. 

Since  the  time  of  MORITZ  TRAUBE,*  such  membranes  have  been 
studied,  especially  by  G.  TAMMANN,*  W.  PFEFFER,*1  ADIE,*  P. 
WALDEN*  and  N.  PRINGSHEIM.*  The  chief  interest,  however,  cen- 
tered in  the  osmotic  phenomena  of  salt  solutions  which  could  be  in- 
vestigated with  the  aid  of  such  precipitation  membranes,  whereas  the 
properties  of  the  membranes  themselves,  with  few  exceptions,  received 
but  secondary  attention.  For  investigations  of  osmosis  the  following 
substances  are  especially  suitable:  ferrocyanid  of  copper  and  ferro- 
cyanid  of  zinc;  indeed  all  ferrocyanid-metal  compounds  are  suitable 
since  they  are  completely  impermeable  to  many  salts.  They  are 
briefly  described  as  semipermeable  membranes,  because  they  are  per- 
meable to  water  though  impermeable  to  most  crystalloids.  If  we 
permit  a  zinc  ferrocyanid  membrane  to  develop  in  a  gelatin  jelly 
and  by  the  addition  of  potassium  ferrocyanid  exercise  a  very  great 
osmotic  pressure,  the  membrane  will  break  in  spite  of  the  jelly  sup- 
port, but  it  will  not  permit  any  potassium  ferrocyanid  solution  to 
diffuse  through. 

Besides  this  extreme  case  there  are  membranes  of  the  most  differ- 
ent permeabilities.  Following  up  the  work  of  the  botanist  N. 
PRINGSHEIM,*  H.  BECHHOLD  and  F.  ZiEGLER*1  exhaustively  studied 
such  membranes.  They  impregnated  gelatin  with  silver  nitrate  or 
barium  chlorid,  and  poured  the  molten  solution  into  test  tubes  con- 
taining sodium  chlorid  or  sodium  sulphate.  At  times  a  layer  of 
pure  gelatin  was  interposed.  At  the  surface  of  contact  membranes 
of  silver  chlorid  or  barium  sulphate  were  formed,  which,  however, 
were  permeable  for  the  salt  solution  on  either  side,  because  the  mem- 
branes grew  in  the  direction  of  the  greater  osmotic  pressure,  i.e.,  into  the 
solution  with  the  smaller  osmotic  pressure. 

If,  for  example,  the  silver  nitrate  solution  was  more  concentrated 
it  diffused  through  the  membrane  so  that  the  latter  grew  into  the 
sodium  chlorid  gelatin;  but  if  the  latter  was  more  concentrated  the 
reverse  occurred.  If  both  sides  had  the  same  osmotic  pressure  a  very 
thin  membrane  formed  which  was  sufficient  however  to  arrest  com- 
pletely the  diffusion  of  both  salts.  Evidently  the  meshes  of  the  net- 
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work  wrrr  tilled  with  m*4mornn(*-fonuing  pn-cipitutr,  lor  :-i^  soon  &** 
flit*  iitHitbfUtir  was  tttt'ltrd,  it  ugiiin  tuvainr  pi'rmi*:il»l»',  In  flir  *aiit«* 
t»\|N*rinu*nt ,  it  was  drtcrwinrd  that  diffusion  \vu>  hiitdrn-d  only  !»y 
ri^ififr  precipitate  membranes. 

There  is  mi  difficulty  in  forming  by  difTu-ion  Mtutlar  precipitate 
membrane*  from  pur**  organic  materials.     \\Vlwve  ^Irrjuly,.  on 
*Vi,  iiii*!itii.»in*il  tluit  »  iiirtiiin'aii**  nmv  In*  furutrd  l»y  th«*  fiillii^itui  of 
M*ruui  intii  gi  ml  -nil  »l»it  MTUUI  untl  wt»  Intrr  rrfi*r  to  llir 

fiit't  that  H»  liKciiii«i!4>*::?  oltt:tt!i«*tt  uii4intirnn«*.s  S»y  flit*  iliffu^iMtt  of 
ni**!ii|»titiHji!if*rir  arut  into  grlnlin  rtiiilniniiig  iitlttiiiiin,  Th^rr  I.N  no 
ftttithl  thut  tttry  tiitiy  l«*  tidtauttui  tit  othrr  wsiys  if  ilrsir^tl,  Hut  it 
HtU-Ht  Ity  nt»  iniiiiiH  in*  li^fiftirtt  |}$»t  u  tn**ntltrnni*  i*  **otiti*thinu 
liiiil  iiiirlmiifti'iiiilr;  on  th«*  rontrnry,  it  in  roitMtuntly  siflfrrtnl  l*y  llir 
,siihj4|iiin*i*H  which  flow  iliruti^li  it  and  I»nllif  it,  it  won*  «>r 

II«SH  jit*nii!»!iti!t%  mill  in  thi^  wny  ttndt*r  t*rrtntii  «"*iiti1itt*»it%*  iiiny  «-vok*' 
ii  srl/-fi't|!ilnlifiii  or  u  rfilrt'-lii't"  fitii'mi, 

ililhrrtti  tlirrt*  tiiivi*  lii*r*»  mi  tnvt'sttgttttoiu*  w  ^4I  ^"  tUHitn«'r  in 
which  tin*  |H*rm«*ulttlity  of  th«*  pnvipttjitfd  inniiliriiiit^  dr^mlw-d  H 
inilllriirril  Ity  iliffiLHing  thriiiigti  tht'W.  A  it  t^  In 

i*r  li^iifiinl  that  nurh  III!  titthltntcu*  i*xl**tM  just  11^  in  tin*  riinf  of  r*'* 
vrr?*tl>l«'  j«*lH«*s,  Hint  iiii*!iit»niii«*H  tituy  l«*  ninrr  «*r  S«-^  rupidly 
orrludint  In*  ntlUmls  is  lilt  *ilim*rvntton  whirls  l«*m  fri"i|iiriifi> 

itiiiitr  during  tlw*  p«*rfonitHnt«i»  of  iiltniiillniti**!i, 

A  ntiitit.irf  of  ttilrd  uniitml  und  \vgi«tnl*lt*  tiii*inl»nit»'^  ntt»l  psir«'h- 
tnt'iit  |$u{H*r  n^rniitlt1  jmn'ipttut**  ttt«*iititrHni*s(  in  th*-y  inm^r^ 

tin*  or  i»iit  nlightly  HUjMTtor  ni|«irtty.     In 

nr«*  UMr*d  for  tho  m*jii4riit5iin  of  rollotdH  from  t*ry^tHl!oi«l*«, 

Miwt  «if  tht*  itii*inl»rii4ii*t4  cxTttrrtng  in  thi«  un*  tuon-  or  1«»^ 

mi  dryiitic  ll«*y          thw  |>rojH*rty  In  u  rMrut,  ii^* 

lift*  !in»tiiHtir 

t'llmjiti-t'-TM  p.  !)ft|  f«f!iii*il  t»y  iiuprcguuttuu  $rri'V«T*»ilil»*  |»*ilit>'% 
an*  niitiiliir  t*t  nutiinil  fiii^tiliriiitt^*  stitn*  tht«y  tttti^t  U*  ttt  wnt«-r 

fit  prtwrvo  it«*ir  ?iwi*lli*!i  trondttitin. 

Momhraut*H  itiiiy  In*  |«>wt*rftilly  liki*  n*vrr**il»h*  gH*, 

in  thin  n*HjHu*t  tHiwi*rfully  iiifiiinin*  dilliiMimt  ftltrntiott,     Thin 

tin*  «tw»s,  iw  \v«*U  im  rrrtnttt  «»f 

und  r«*nnin  <H.  Ili<riiiiiii4»  *^  ar«s 
Htrongly  utiHorlMni  by  many  iiiriiiliritnt^,  Surh  nd*iorl>rd  HiiSwfiuiri-^ 
may  rtitt'f  into  <*hi*mti*fii  fiiiiihirtiitiiiii  with  tin*  mi*'Utl*mn«* 
ritlirr  Hhrinktng;  or  of  nwHling  rapacity)  utid  fhu**  tltmintxh  tt-» 
I'x*rmi*aht!ity.  Thin  in  tht*  ^ffrt*!,  i*,f|8S  of  fmttiir  m*id,  fMruuildi-hyd 
and  t*hrt)mat*»H. 

Alcohol,  <*tlwrf  acrtoiic*  and  iiwrnwt*  tin*  jtrriittiilitltty  iii  rrf- 
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tain  low  concentrations;  stronger  solutions  work  to  a  certain  extent 
in  the  opposite  direction. 

The  influence  of  electrolytes  on  the  membranes  of  the  organism  and 
their  permeability  may  depend  on  different  causes.  It  may,  for  ex- 
ample, affect  the  swelling,  and  thus,  the  permeability.  Alkalis  in 
general  increase  the  swelling;  so  also  do  acids  in  great  dilution,  but 
when  concentrated  they  usually  cause  shrinking.  Chemical  changes 
due  to  chromic  acid,  etc.,  diminish  the  permeability. 

The  influence  of  electrolytes  is  not  however  limited  to  this  rather 
indirect  action.  We  shall  see  on  page  77  et  seq.,  that  differences  of 
potential  may  develop  at  the  interface  between  a  solid  phase  and  a 
fluid.  Thus,  for  example,  cellulose  and  wool  are  negatively  charged 
with  respect  to  pure  water.  In  the  case  of  the  majority  of  animal 
membranes,  most  of  which  are  amphoteric,  the  difference  in  potential 
develops  only  in  faintly  alkaline  or  faintly  acid  water.  The  pres- 
ence of  salts  likewise  raises  or  lowers  the  difference  in  potential. 
The  difference  in  the  adsorbability  of  ions  is  accounted  for  also  in 
this  manner.  Wherever  a  difference  in  potential  exists,  the  diffusion 
rate  of  water  is  lowered.  Salts,  on  the  other  hand,  develop  a  differ- 
ence of  potential  in  the  course  of  diffusion;  in  their  passage  through 
a  membrane,  they  raise  or  lower  the  existing  difference  in  potential. 
Vice  versa,  on  this  account  the  diffusion  rate  of  salts  is  affected  by 
the  difference  in  potential  existing  in  the  membrane. 

A  membrane  may  thus  be  the  seat  of  an  electromotive  force  (F. 
HABER,,*  GIRARD*),  provided  that  it  separates  two  salt  solutions,  or 
a  salt  solution  from  water,  and  that  one  solution  be  faintly  acid  or 
faintly  alkaline.  In  the  first  instance  the  diffusion  through  the  mem- 
brane will  be  much  impeded,  in  the  latter  much  accelerated. 

The  results  of  R.  BimiAN*1  also  indicate  differences  in  potential  in 
the  ultrafiltration  of  albumin-salt  mixtures;  at  reduced  pressures,  he 
obtained  as  filtrate  a  salt  solution  isotonic  with  the  liquid  filtered. 
If  he  filtered  under  increased  pressure,  the  filtrate  contained  a  lower 
salt  concentration  than  the  original  solution.  F.  G.  DONNAN*  has 
made  an  unusually  important  and  fundamental  study  of  membrane 
equilibria,  based  upon  the  osmotic  pressure  and  membrane  potential 
of  electrolytes  containing  a  colloidal  ion.  I  shall  try  to  present 
DONNAN'S  ideas  without  entering  upon  their  mathematical  basis. 
Let  R  represent  an  acid  colloid,  e.g.,  congo  red,  which  forms  a  salt 
with  Na,  and  let  the  line  which  separates  the  colloid  electrolyte  from 
water  in  our  diagram  be  a  membrane,  impermeable  to  the  colloid. 

(a)  Membrane  hydrolysis.  Let  us  consider  what  occurs  when  the 
outer  water  is  constantly  renewed  as  described  on  page  92  et  seq., 
which  may  be  represented  in  the  following  diagram: 

Initial  condition  Terminal  condition 


water 


waterNaOH 


Itll  t  'fif.f/if  fi>    i\ 


liiiftt**  th?*4t|,'h,    il' »,..;.   .'.    \  ,»  »ll      ",.*•! 

ai'iil,  fh*1  j»i«u<v  ^  t»*?fri   ''*        f>!6   '*!»'  »  :,'**"  VrMJt  *» . 

tilt*  rrll  tttitrlt  i  ,  rh;»  th  j*jn<lu     »;  '   ,     '  *    It  'a^J  \  i        .  ,»•<;  k  ?,'    uj  t!»»< 
II  till  itt  1  t'li  ft  InK  it        i     *'»v  j!  i     !***«!     f     *  <         *'     *          x    *         J »         '•'*"«'  I, 

If  flit*  w!tMt4  I'lr^tfnhl*    i «    i  rt '  \1       '     I    >        i         •  »'  ',  , .   ?u»ni*' 

In  fit**  In4i«»i\  ti«*  ilh  tf,*l!*  »«»*!*»*!  »*«i4  *%^  !  'f.    \  4*t}J      (^ 


If  lilt*  NaOH  i*  rtiinl  ^iilh    ?r**i  »*.«   ! 
tinier  iviitrr,  i*r  l»v   mrih«  ***    *  r|^»'4l  ^» 


will  terminate,      \\  li.it   b*n  !»*5d     *  **»  i  3fi'    r     i  ,  »  *f      *    /^Its  » 
of  eourttt*  In  ii  b-iHtr  1*111  -t!  ^»« 

It  ft>Ho\\N  Ifiilii  t}$f»M    |ii^itii         *h  »'       \i*     *  ^*      i  • »?    tf  •  /    ^a<l     ih*l 

IiSii4i*?i  ifiii\  tii*  runt|it**4rK    }*f»»i*   i  ii|*  '**     tin!*  **  *d!«     f»"  *    '  •  i\  ti\w  i  *n 

IH  n  t'ulloidi  \\iiirlt  run  I*4  3bf*i4  <*  i*  '     *?  f»     »  Mt  su-l'f  *'  !«      >f     M'  '  t-r* 

ll|/l|ff»l|ffl'v    If     I       |lii,ni»l»*    t»*    *i-|Mt  l»«      UMIJI      i    Ii*  ,;M   •'  i   *          ,.U|      ill 

lilkiilt  ijiitt^tiitii!  o 

in  flit*  stnntat'h,  «it  ,i»*i 

.sbow  that  the  ^ame  |ifnn  ^    ma   <«*    Mot^it1  .4* 

rpi  i  *  j-       i  « j.  , 

I  he  reverse  pl'ore  .  »  m;i\  iirnii,  *p*%i*n«t        If  tb»?«    *,.   &  ^  M  **».•!   iri4 
or  bam*  in  a  eell  ^nrrouttfii^t  b\     i  m»  *abf  m      »  <„       ><  /     ,M<***,I***  fjr 
c*olloi(i  albumin  or  fibrin,  a  niiiitiii'il  fMiavuti^Uo'i  «*!   II  *^     >lt  ««*n 
in  the  outer  fluiiU  ^iiliit1!*  t«>  lotm  n   ..ill  \\*f  *•*»**»  $  i  »ii  11,1  nil 

within  flu*  membruiit*  ha-*  nil  u*n  ill  ntmmni4  ttiffi   ^n«    » )«   «;»«Ut«' 
outnule,  f,||.»  the  Xa  ^idl  of  t  on$f«*  i»*4    UN  i '  tit* I » > 
Wo  than  have  the  foHowtttK  formula : 

u  wr"         ii* '  tT 

Nn  ,  Nil  \  i      \  i 

Hi    it?  i  i 

.  i         :* 


Nn  ion«  ciiniKif  \mm  from  HJWWH*  fit  In  -jmri*  ^fJl  t.iiifi-  li\  I*M^»II  ni 
itn  colloidal  chnmctor  th«*  anton  H  riiiimit  futtiiw,1     litnn  \n   1  1  UP! 

with  it  the  KIUIM*  tuaount  <»f  Nf»t  will  tliffiwt*  info  i  i  i      11it«  4ti$iiiiii?  ui 

1  There  tin*  alwayn  th<»  MUIW*  iuiiiib»r  of  ufittntn  rt««l  r?4fi««^i  M«  i    Mi  iii  '4      I« 
I«  imiXMtHthlo  lo  Hf*piimt<!  thorn  by  dtfusioii  f**r  tln*ii  »  fit**  riwifi^  ,-tu»^^  si«t^I*J 

be  lifwratwl. 
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NaCl  which  diffuses  depends  on  the  concentration  of  the  solutions 
in  space  (1)  and  space  (2).  If  the  concentration  in  space  2  (C2)  is 
high  in  proportion  to  that  in  space  1  (CO  much  NaCl  will  pass  from 
(1)  to  (2)  and,  if  the  conditions  are  reversed,  only  a  little  will  do  so. 
Mathematically  represented  (assuming  complete  electrolytic  dis- 
sociation) we  have  the  following  equation,  where  Ci  or  C2  represent 
the  molar  ion  concentration  in  the  respective  spaces  and  X  the  frac- 
tion of  the  molar  ion  concentration  which  diffuses  from  (2)  to  (1)  : 

c/2  —  X  _  c/i  -f-  Co 


X 


X     C 


If  Cg  is  small  in  comparison  with  Ci  we  may  express  it:  TT  —  TT* 

02      Ci 

X      1 
If  d  is  very  small  the  equation  becomes  77-  =  -• 

G2          <& 

The  following  table  taken  from  DONNAN'S  work  illustrates  the  dis- 
tribution of  NaCl. 


Original  concentration 
of  NaRin  (1), 

Original  concentration 
of  NaCl  in  (2), 

Original  relation  of  NaR 
to  NaCl, 
Ci 

Per  cent   NaCl   dif- 
fusing from  (2)  to  (1), 
100  X 

Ci 

Co 

C2 

C2 

0.01 

1 

0.01 

49.7 

0.1 

1 

0.1 

47.6 

1 

1 

1 

33 

1 

0.1 

10 

8.3 

1 

0.01 

100 

1 

Though  we  might  assume  d  priori  that  the  NaCl  would  distribute 
itself  equally  in  both  spaces  in  the  presence  of  a  membrane  absolutely 
permeable  for  it,  this  table  shows  that  the  colloid  electrolyte  has  a 
remarkable  influence  as  soon  as  the  concentration  of  NaCl  falls.  To 
a  certain  extent  the  colloid  electrolytes  drive  the  NaCl  out  of  the 
cell.  If  d  =  1  only  about  11  per  cent  of  a  physiological  salt  solu- 
tion (C2  =  0.145)  could  penetrate  the  cell;  or  if  it  were  already  in 
the  cell  it  was  reduced  to  about  11  per  cent.  Apparently  the  mem- 
brane is  permeable  only  from  one  side  for  the  readily  diffusible  NaCl. 
(c)  Finally  we  must  consider  the  case  when  the  colloid  electrolyte 
in  the  membrane  is  opposed  to  an  electrolyte  without  an  ion  in  com- 
mon, as  for  instance: 


Initial  condition 


Equilibrium 


Na 
R 


K 
CI 


Na 
K 


K 

Na 


62  CQiwiiM  iy  MMMY  ,iu*  un&  t\) 

Na  will  diffuse  out,  K  and  C'l  will  diffu*'  in.  Th.r>  ««•  -^M^  M,- 
following  equation  if  (\'HU.  I'xprtssis  llir  ll|ubr  ••««»  •'•»1l:^i"^  f!t 
Na  iu  space  (1). 


If  the  concentration  in  the  rell  U'i*  ^  I:iW  ruiu|«u-rd  with  U»<-  -n^  » 
solution  (('.»),  then 


If  (Ji  is  small,  then 

/  *    i  i  * . 

I. 


Let  us  consider  the  equation  ivpri"*f'ii**m?  :i  r»»n. 
occurs  physiologically.  If  ('t  W*l  wd  t  * 
per  cent  of  the  Na  originally  pn^fitt  in  1  »<11 
1  per  cent  will  diffuse  into  rJ«.  '.  W  p-i  *"''»'  ***  S 
cut  in  (2)  will  diffuse  into  tl»;  ont>  I  |«ai  »•'"»* 
present  in  (2)  will  diffuse  info  1 1 ! 

From  this  wo  may  undorstand  tli»*  hi?t»**H*»  in* 
of  salt  in  cells,  cjjn  in  red  blood  ruif«r»»*L  ^      V  *  - 
the  foreign  crystalloid  rut  ion  and  dnv*'-*  *nt  *? 
cations  act  in  the  reverse  wa\ , 

In  conclusion  DONNAX  derivrt  ftifinnJi'  ' 
electric  potential  which  mn*t  «Ai-t  ;ti'*i  ?  »i- 
liave  been  reached  (nietnbrnni*  jmfi'uM.i) 

There  are  already  many  theori**.  t*»  >*\pl -«»  '!> 
tial  in  organs  and  the  eloi'trirat  rMti*u«»  ^i^* 
(muscle,  nerve,  electric-fish),     Tl»«*  «'  t!,<.»'^- 
they  require  conditions  whieh  d«»  n«*f  «%i*?  <%  ') 
that  much  greater  diflereiirrH  in  p«»irnMd    o^ 
would   be  possible  nceordtn#    to   th«  *    n?  «i 
DONNAN'H  theory  diftcw  inurh  t'roia  sf    5.^  1 

Wo  shall  not  present  III.H  furisiiib  hu*  i»u*  /oi 
tion:  If  thc^re  are  two  equally  r«m»*<  i«*s.ii.'«i  *< 
arated  by  a  membrane,  ttttd  wi*  Hi"*  it 
each  and  connect  them  with  .<»  iui*%  n*«  <  »i;i-  ? 
If  the  solutions  are  of  different  n*i^-»-  »|,4fi  ^ 
energy  will  bo  evident  until  tin*  dilf*"*  h/'^  n 
as  the  result  of  diiTnsion.  Surh  \  *«-in  4« 
couples." 

A  system  consisting  of  rotlnid  *I»n'ti,/n#r 
centration  couple  whieh  dt*\viup*  t  *nHi't1' 
condition"  to  " 
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concentration  of  ions  on  the  two  sides  of  the  membrane.  Let  us 
consider  the  simplest  illustration  of  the  equilibrium  between  NaR 
and  NaCl  represented  in  our  table  on  page  60  where  the  original  con- 
centration is  NaR  :  NaCl  =1:1  and  equilibrium  is  established  when 
33  per  cent  NaCl  passes  from  (2)  to  (1). 
The  schematic  representation  would  be: 

Equilibrium 


Na 

Na 

Cl 

R 

(1) 


Na 
Na 
Cl 
Cl 
(2) 


In  this  instance  all  charges  are  mutually  satisfied  excepting  those  of 
Cl  and  R.  The  slowly  diffusing  anion  R  is  opposed  to  the  rapidly 
diffusing  anion  Cl  so  that  a  difference  of  potential  must  arise  at  the 
boundary  surface.  In  the  cases  hitherto  described,  the  membrane 
itself  is  the  seat  of  the  difference  in  potential.  The  conditions  are 
quite  different  if  the  membrane  acts  only  as  a  bounding  surface,  that 
is,  if  it  is  not  equally  permeable  for  all  ions.  In  this  case,  the  uni- 
versally present  "contact  potential/7  existing  in  two  contiguous 
salt  solutions,  is  modified  by  the  aforementioned  property  of  the 
membrane. 

Finally,  we  must  recall  another  kind  of  membrane  which  does  not 
fall  into  any  of  the  previous  categories.  According  to  W.  NEENST, 
a  film  of  water  upon  ether  forms  a  semipermeable  membrane  for 
benzol.  The  experiment  is  carried  out  in  this  way:  A  pig's  bladder 
is  soaked  in  water;  the  bladder  plays  no  part,  other  than  to  hold  the 
water  which  forms  a  partition  between  ether  and  ether  containing 
benzol.  Here  the  semipermeability  of  the  membrane  depends  en- 
tirely on  selective  solubility.  Benzol  is  insoluble  in  water;  ether  on 
the  contrary  has  a  limited  solubility,  and  as  a  result  ether  diffuses 
through  the  water  to  the  benzol.  Subsequently  many  such  com- 
binations were  devised.  They  are  very  extensively  distributed  in  the 
organism.  It  is  unnecessary  to  think  of  complete  semipermeability 
in  every  case;  scattered  deposits  (fat,  lecithin,  etc.)  may  suffice  to 
bring  about  a  partial  permeability. 

The  membranes  of  WISTINGHAUSEN  depend  on  this  principle  of 
selective  permeability.  He  impregnated  with  gallic  acid  salts, 
animal  membranes  which  then  became  permeable  for  fat;  by  merely 
washing  away  the  salts  the  permeability  is  abolished.  Attention 
should  be  called  to  a  remarkable  observation  of  ZOTT  (cited  by 
H.  ZANGGER)  which  belongs  in  this  chapter.  He  discovered  that  a 
membrane  through  which  sugar  has  diffused,  permitted  the  passage 
of  gum  arabic  after  it  had  been  moistened  with  alcohol. 


CHAPTER  V. 

CONSISTENCY  OF   COLLOIDS. 

Internal  Friction. 

THE  various  colloids  show  all  possible  transitions  from  fluids  to 
solid  substances.  A  fluid  may  take  on  any  shape,  and  the  work 
necessary  to  change  its  form,  i.e.,  to  overcome  its  internal  friction,  is 
very  slight.  Solid  substances,  according  to  WILHELM  OSTWALD,  pos- 
sess a  form-energy  also  called  elasticity;  the  energy  necessary  to 
change  their  form,  i.e.,  to  overcome  their  internal  friction,  is  very 
great.  If  we  picture  to  ourselves  a  number  of  colloids  and  gels  we 
pass  from  a  true  fluid,  water  for  instance,  through  the  albumoses 
and  albumin  solutions  to  the  semifluid  gels  (e.g.,  1  per  cent  gelatin), 
jellies  and  finally  to  the  firm  substances  (e.g.,  horn). 

High  internal  friction,  viscosity,  is  a  typical  property  of  hydrophile 
colloids.  Since  colloids  are  diphasic  systems,  the  internal  friction 
will  depend,  above  all,  upon  the  size  of  the  free  surface  of  the  colloid, 
i.e.,  upon  the  concentration.  Changes  in  temperature  are  of  great 
importance.  The  absolute  as  well  as  the  relative  influence  of  concen- 
tration is,  indeed,  characteristic  for  colloids.  Even  traces  of  colloids 
(agar,  gelatin)  may  increase  the  viscosity  of  water  to  an  extraordi- 
nary extent.  We  may  obtain  all  degrees  of  internal  friction  with 
agar  and  in  fact  a  5  per  cent  solution  of  agar  is  a  solid  body  at  room 
temperature. 

Usually  the  viscosity  increases  with  decrease  in  temperature,  inas- 
much as  substances  then  approach  the  solid  condition.  Gelatiniza- 
tion  is  analogous  to  the  solidification  of  a  molten  fluid,  where  internal 
friction  rapidly  rises  within  a  small  temperature  range. 

J.  FRIEDLANDER,*  D.  HOLDE*  and  V.  ROTHMUND*  proved  that 
artificial  emulsions  (gum  water,  castor  oil,  so-called  solid  fats)  exhibit 
a  variation  in  their  viscosity  curves  according  to  temperature  and 
concentration,  similar  to  that  shown  by  many  natural  hydrophile 
colloids.  T.  B.  ROBERTSON*  found  that  emulsions  of  oil  in  water 
became  increasingly  more  viscous  the  higher  the  concentration  of 
the  oil,  until  a  critical  point  was  reached  when  the  viscosity  decreased; 
the  water  then  became  the  dispersed  phase. 

Internal  friction  is  indeed  a  very  complicated  phenomenon.  It 
depends  according  to  W.  B.  HARDY  upon  (1)  the  internal  friction  of 
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the  different  phases,  (2)  the  surface  friction  of  the  internal  surfaces, 
(3)  the  surface  tension  of  the  internal  surfaces  and  (4)  the  strength 
of  the  electrical  charge.  To  what  extent  the  individual  factors  influ- 
ence the  internal  friction  is  as  yet  unknown. 

We  have,  however,  received  valuable  guidance  from  the  study  of 
the  effect  of  electrolytes.  Especially  remarkable  is  the  parallelism 
between  swelling  and  internal  friction.  It  depends,  apparently,  on 
the  fact  that  both  phenomena  are  characterized  by  an  increase,  i.e., 
multiplication,  of  the  free  surfaces.  Thus,  for  instance,  we  see  that 
acids  and  alkalies  which  favor  the  swelling  of  gelatin  also  increase 
the  internal  friction  of  albumin,  because  there  probably  occurs  an  in- 
crease in  the  free  surfaces  of  the  albumin  ions  (see  p.  153  et  seq.). 

Swelling  and  Shrinking. 

If  a  crystalloid  (common  salt,  sugar)  is  thrown  into  water,  it  sub- 
divides in  it  until  finally  it  is  completely  dissolved;  the  particles  of 
salt  or  sugar  lose  their  cohesion.  A  colloid  (glue,  wood)  in  contact 
with  water  increases  its  volume,  it  swells;  its  particles  retain  their 
cohesion.  This  property,  however,  is  possessed  only  by  hydrophile 
colloids. 

The  imbibition  of  water,  that  is,  swelling,  may  either  go  on  in- 
definitely in  the  case  of  colloids,  so  that  finally  the  particles  are  torn 
asunder  and  a  solution  or  sol  is  formed  as  in  the  case  of  albumin;  or 
the  imbibition  may  reach  its  limit  very  rapidly,  as  in  the  case  of  wood. 
Between  these  there  are  all  sorts  of  transitions,  e.g.,  glue.  Only  in 
the  case  of  gels  is  it  usual  to  refer  to  swelling.  In  the  organism,  gels 
having  very  slight  ability  to  swell  serve  as  covering  and  framework 
(e.g.,  hide,  collagen,  shells  and  wood).  They  are  intended  to  retain 
the  outward  form.  The  same  is  true  of  the  supporting  tissues  of 
the  individual  organs  and  even  of  the  cells,  vessel  walls,  the  mem- 
branes of  the  intestinal  canal,  connective  tissues,  the  vascular  bundles 
of  plants,  cell  membranes,  etc.  On  the  other  hand,  the  cell  content 
possesses  the  ability  to  swell  to  a  high  degree. 

Every  organ  has  a  certain  definite  normal  fluid  content.  A  healthy 
plant  has  a  definite  turgescence  and  the  protoplasm  of  a  healthy 
animal  a  given  degree  of  swelling;  every  abnormal  change  in  this 
signifies  illness  or  even  death.  Without  doubt  swelling  plays  a  very 
important  role  in  the  case  of  many  phenomena  which  have  hitherto 
been  attributed  to  osmotic  pressure.  Indeed,  the  osmotic  pressure 
is  only  manifested  completely  in  the  presence  of  a  semipermeable 
membrane,  whereas  the  ability  to  swell  does  not  require  the  presence 
of  a  membrane.  Swelling  may  under  some  circumstances  counter- 
balance the  osmotic  pressure  or  even  overcome  it  and  concentrate 
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solutions.  An  excellent  example  of  the  latter  is  described  by  C. 
LUDWIG.  He  hung  a  well-dried  animal  bladder  in  concentrated  salt 
so.lu.tion.  The  bladder  swelled,  taking  up  a  dilute  salt  solution  and 
common  salt  crystallized  out  in.  the  remainder.  Amphibia,  e.g., 
frogs,  may  lose  one-fourth  of  their  body  weight  upon  drying  as  has 
been  shown  by  E.  OvERTON.*3  Although  they  contain  about  80 
per  cent  water,  the  osmotic  pressure  of  the  blood  almost  doubles. 
The  explanation  of  this  is  that  only  a  portion  is  water  of  solution, 
the  remainder  is  water  of  swelling.  Upon  drying  the  water  of  swell- 
ing is  more  strongly  retained  than  the  water  of  solution. 

Swelling  exhibits  manifestations  of  energy  to  no  less  a  degree  than 
osmotic  pressure.  I  shall  give  several  examples  taken  from  WOLF- 
GANG OSTWALD'S  "Grundriss."  According  to  the  investigations  of 
the  plant  physiologist,  HALES,  swelling  peas  were  able  to  lift  the 
cover  of  an  iron  pot  weighted  with  83.5  kilograms.  H.  RODEWALD 
found  that  it  requires  2523  atmospheres  pressure  to  overcome  the 
swelling  pressure  of  starch.  J.  REINKE*  determined  the  swelling 
pressure  of  laminaria,  a  sea  weed.  Some  of  his  data  quoted  from 
H.  FKEUNDLICH  give  us  an  idea  of  the  enormous  pressures,  changes 
in  volume  and  amounts  of  water  taken  up  when  swelling  occurs 
and  of  the  pressures  required  for  dehydration.  Ten  layers  of  dried 
laminaria  scales  each  0.1  mm.  thick  and  50  mm.2  were  placed  in  the 
apparatus. 


Pressures  in  atmos- 
pheres. 

Elevation  in  mm.  due 
to  swelling. 

Percentage  of  water 
by  volume  in 
air-  dried  substance. 

41.2 

0.16 

16 

21.2 

0.35 

35 

7.2 

0.97 

97 

1 

3.30 

330 

We  obtain  a  fair  idea  as  to  the  general  course  of  swelling  by  ob- 
serving a  sheet  of  gelatin.  Dry  gelatin  takes  up  one-third  of  its  weight 
of  water  from  a  moisture-saturated  atmosphere  at  room  temperature, 
in  order  to  reach  a  condition  of  equilibrium.  If  this  sheet  is  then 
placed  in  a  dish  of  cold  running  water  it  absorbs  from  it  10  times  its 
dry  weight  of  water  in  order  again  to  reach  a  condition  of  equilibrium. 
In  dry  air  the  water  evaporates  and  shrinking  occurs.  The  experi- 
ment may  be  repeated  as  often  as  desired  with  the  same  result.  On 
this  account  substances  of  this  group  are  termed  elastic  gels. 

Coagulated  albumin,  e.g.,  boiled  fibrin,  behaves  differently.  If  it 
is  air-dried  a  horny  residue  remains  which,  though  it  takes  up 
some  water,  or  swells  when  it  is  placed  in  water,  never  again 


approaehes  it>  original  gelatinous  Mate;  ^iU'h  gels  are  railed  iwttistic 
j/i •/.•;.  tin**  of  flu*  moM  important  operations  til  miiTo-eopieal  teehnie 

is  the  hardening  of  rbxtti'  141'!"*,  iSee  ( 'hapter  X  Xll!  J  Their  ability 
In  sw«-ll  in  ualiT  i-n  destroyed  by  the  ehemieal  aetion  of  formalin, 
ehromti*  arid,  mefeurir  ehlorid,  ete,  We  muM  eonsider  that  ill  fit** 

organism,  fiir  iitt-'iii^ltt*  p'U,  M'M  i'uuur«*tivt'  ti^^iii'  nntl  jil^o  tht*  rrll 
jirllirli%  «-tt",,  iirinr  ffnnt  rtn>llt*  m*U  Iiy  rltt'iiiirjil  rlijyi^rs  with  fnii™ 
M*t|iirllt  ltis,N  i if  \VltlrI"  iif  ilfVitt^,  JIH  tUJlV  t*«*  ui»MTVt4tt  ill  tht*  MUrfjUT  of 

any  ivitiiinL  In  this  mtuttrftou,  wr  may  n^vrrt  t»>  tin*  fununtiuu 
iif  ,*Mii'/iirr  Hn-  |t,  Ii;!i,  wliusi'  frifiiuitinii  is  rtTfjiftilv  iiinrr  than 

ttii*rt*Iy  miHtttgitu*  t«»  that  of  tiry;Hiii/t*ti  tuc!uhnuu*H,  nkiti*  «»tr, 
Clii^iriil  ^fiiiin'^  mi  itii*  MW»*Hiny;  »%int  Hhrinkiitg  of  slightly  rlustir 
WIT*'  itia»l«-  l*y  J,  M,  v,\s  HKMMKttKs  in  thr  ras«*  trf  silii'ir  arid 
grt  nifi|ililirti  Ity  1 1.  ilt'i'Miii,!,     **^«»  many  diHiruttirs  iir**  unfor- 

tunately liflVrrii  to  ttir  nppltration  hy  iiniiltigy  uf  th«4.M*  properties 
In  organi/eft  in«'ht.stir  ueU,  that  we  ittu^t  rontitie  our  attention  to 
the  tinnf  itupoitant  one*.  The  evajwtration  of  water  fn»ni  a  stiirir 
aejil  i*.*4i  pr*«VM|,  at  lii"f  a*  if  wouht  fruiit  a  sohition.  When  the  gel 
r*M»%h«  5  ii  eeriaw  niir-i  iteury  a  ttirl»ittity  appears,  that  IN,  holl«»w 
t-ijutf"  nf  aUnit  .'»  |ii«  fuun  between  the  .supporting  walls  of  the  gel 
tthteh  bee»»iui'  lilli  tl  with  air,  I' pun  ti**4iiin  .still  more  w*ater,  Iht*  tur- 
l»i4tH  ill-appeal-*  ami  the  y^l  beeuwes  gln^y,  In  ftii^  latter  re>pert. 
the  iftela-.tte  jjjf*l  **j  *iheir  Html  ihtTers  very  materially  fr*»m  the  ehtstir 

gel  tif  frlittili,    ivliirli  iltte**  littt   berotlle  tUI'bitt.      lliH   J.H  likewim*   the- 

ra.si*  tii  flu*  rent*sorption  of  water,     Though  gelatin  *!IOWH  11  .simitar 

mrve  till  sAvelling  iiiwl  *hriuktfi£i  -nilieir  art* I  gel  niitl  imleeil  we 

»ny  nil  iiirlji.Hlir          show  entirely  ilitTerent  rtirve^.     That  b»  the 

hwelling  of  elanfir  geN  b  prartieally  tft»mpletely  rrver^iblr,  whereas 

ttirltl^ttr  gel**  this  Js  Hut  |)is*  ni,Hi*» 

The  ii  gi-l  iifit|i4rgo«*M  tin  frminij  nnd  thniriinj  lire  very 

In  t!»MHi*fif  nhrinking          swelling.     *t*he  eryNtalli/Htion  of  ie«« 

ii  gel  water  itiittnitesn  wtthtiniwal  of  water,  where  a.1* 

ii|iuii  \vnter  b«T*nttt*H  aviiilabit*  f<*r  swelling  Iff,  W. 

FiMiii;ii8  o,   lltnti.iifAti  (\   Fi:ti*T*i,     There  nn*  ronseijuently 

wliirh  and  thawtftg  n*vert  almoHt  eomplHely 

lit  their  ^liitr,  r4|,,  Hiiltibk*  nturrhe.s,  lish  glue,  \vh**r«'a^  otlifix, 

r»!i<t  arid  hydros >1  albmtiin»  undergf*  ehiingen  wh'trh  an* 

fiittre  uf  !••**.»*  irreversible, 

llir   ififliirfirt'   1 1/  rlriffiilfilrs   f*w    Ilir    nil*r|liui|  of   gelatin,    ngar,   pig's 

iiliniilt-r,  a$it|  ttbrtn,  U  very  Considerable.     It.  IW.H  been  in- 

i-.«ji«Ti»Hy  by  F,  Ht»^Mt>:i**Th«,*  Wo,  !f-\rt,i,**  K.  Si'iHo,* 

Wti,  f>i*rwAt»t>,*'          MA$M't\  IL  FiH«jiii;ii»*     If  may,  in  general,  be 

increase  Itir  H\veiliug  rapiirity  t*>  an 
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extraordinary  degree.  This,  however,  does  not  depend  only  upon 
the  electrolytic  dissociation  of  various  acids  and  the  concentration  of 
H  or  OH  ions.  In  the  case  of  strong  acids  it  reaches  a  maximum 
at  a  certain  concentration  and  then  decreases.  Thus  MARTIN  H. 
FISCHER  found  that  fibrin,  which  swelled  to  8  mm.  in  water,  in 
0.02  normal  HC1  reached  the  maximum  swelling  of  48  mm.;  whereas 
in  0.1  normal  HC1  the  swelling  reached  only  21  mm.  In  the  case  of 
H2S04  the  maximum  swelling  was  only  11  mm.  in  0.024  normal  acid. 
Purified  glutin  (according  to  the  experiments  of  R.  CHIARI  in  PAULI'S 


FIG.  7.    The  swelling  of  fibrin  in  solutions  of  various  sodium  salts 
(^  molecular).     (From  M.  H.  Fischer.) 

laboratory)  is  so, sensitive  to  acids  that  it  swells  less  in  distilled 
water  than  in  Vienna  Hochquellwasser,  because  of  the  C02  contained 
in  the  latter.  Furthermore,  distilled  water  may  even  be  distin- 
guished from  conductivity  water  by  swelling  experiments  with 
glutin.  The  swelling  in  alkalis  is  still  greater;  in  0.02  normal  NaOH 
it  reached  77  mm.  M.  H.  FISCHER  believes  that  the  swelling  in 
acids  is  dependent  upon  the  concentration  of  the  H  ions  minus  the 
effect  of  the  anions  of  the  acid  under  consideration.  In  this  case, 
there  probably  exists  an  antagonism  between  cation  and  anion,  such 
as  may  be  demonstrated  in  the  case  of  neutral  salts.  A  similar  rule 
probably  obtains  for  alkalis. 
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\\  li»  it    ti*'h  it*  It  inn  i»  u,i      ittM;incr*  a*-  **i*iatin,  fibrin,  rti*.,  hrlnivr 
MititliiH  uiiti'  i  ih»   tM'iu*  lift  MI  rl*rirulytr>,  \vr  may  a^sumr  that  tin* 

.saw*    «'  i'»  «    it»!'U!U!tf       lltr  1»«  tuuor*   Hint   flit>  rail-M*  mu-t    in*  Sought 

in  fit*-  <•»'".  «*1/  '  '*  ,  >  nfr  flu  i'  uliMuaivs.  Apparently  thrM*  *ul»~ 
MsinM  air  'tiuphtttt  it*',  ,r  „  »tt  liir  sjtmr  liiitr  weak  arttls  uuii  \v»*nk 

!»'t  i  ,  !t»nnr**1  iiii-i*  i  tin  infiiit  nrt*  uf  jifiiU  uutl  l»a>t-s.  ni*»n*  ur  liss 
JHUPM!  ;ilf  ,  t»»ia/  «fji»u  fan  t  ,  nil  hyiiratiiiti,  /.i-..  an  iinliihitiiiu  of 

wal»i  win*4!*  i  »u»lf!«nt|  in  tip(  r:tM'  uf  ttir>t*  i»r|^  hy  tlii-ir  rupui'ity 
to  IM  11,  ninl  in  lh»  «M  *  i«f  «it  tihi'tl  :iltfii!iiiit>»  i»y  an  inrrrit^t1  ttf  fh«* 
iiili  rn'i!  i!i»*fiMii  \\  »  liuttltl  flit  r*-ft»r«'  ut»t  i-\|«4ft  to  M*r  tht*sr  pht*" 
iiostM-iM  i!j  sli*'  i"t  i  »»|  IN  I  uf  tfititvty  ilii'lVri-iit-  rlirittiriil  |>r*HH'rlM*s, 
^ili*'!i*  ;M  jil  r*  1,  |ui  »  \,itui»l« 

A*     ?    */     -?l#      t»*  'i,  *»  1t:illi  f  \ti'flf»  favor  tlir  !Hil»iliSliiill  of  WUtrr  niltl 

ii»*l»oi  !h«-  HnU'iii',  i  i'li  tt»  i"  in  wit  tlilutr  Milt  NitluttoitH  tltuu  if  in 
$14  j»ur»"  watrr.  Af  a  rrrlriiii  rtiitt*t*iitratittu  UV»r  XjiCl,  1II.H  prf  rrtit  I 
tin  iiii^fi!!1  *t<  f!siiii  !'i!ii  it  tip  rrarlM*^  a  maximum  nii«l  thfti  fnlN 
:u*  t.n,  lit*  ini»»it  ;u*  pnmui  i!y  art  iv*-  in  favoring  ^wrllitm,  \vhrn-Hx 

flu  ritv*i»'  lti^»   ,i  3i     it  iitlhi*  iirr  au*l,  in  favoring  ^ 

<A<s          I      ,    f!i      .    \|»t     ,  tlti,    -.   «1; 
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jf    4f»<          lit      u   fii:il    ih**  ri.»!ii'«'litl"»tll«»it  t»l    lll«* 

tt»4sn  ?u  IH  ?  *l»-    n]*  !in»r»*  ^iill  titan  it  tlm-^  \\at»«r, 

flit     «*«tjir*  Si1!  ,iM»«n   «»J    <h«'    'loluttnl*.       7*/u-    ;-.iril|iH*|    lit    Hfnl  *n'   illl,,#lli«r 
Mf.nf'  fj<  <^4^  *•/      »    '/rli    i|r»Tni.^rf|  l*i|  /lit1    i*i't'$fnt't'    t»f    nt'ittrttt    wittx, 

;iii»!     iKMji    ait    linn  it  S!$»*r«"  urtivi-  limit  ration^,     In  pritttiitniii?,  ttti^ 

ilfTfrjirt* 
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Thus  it  has  hem  determined  by  the  experiment*  of  M.utnN 

FiscniKR  uu  fibrin  and  of  Wo.  OSTW.VU*  on  Kehitiu  that  swelling 
much  more  strongly  depressed  by  polyvalent  rutinus  than  by  mot 
valent  ones  (Mg  <  ('a  <  Ha  <  *<r  <  c  %l1  *•-  I'*1**  aiul  if  M-ems  probul 
that  polyvalent,  rations  eotmter.net  the  action  nf  monovalent  one-i 
favoring  swelling.  So  far  .*is  I  know  there  i-<4  a*  yet  iu»  eolloid  eheu 
eal  confirmation  of  this  assumption  in  the  ant*  «f  swollen  mHuii 
Th(»n»  an\  however,  a  nuiiilwr  of  hitkh^iml  rxprrifUftit.H  nutrrnii 
the  inhibit  itm  of  tin*  jM»lsotunt.s  m'tiuu  of  lirtitni!  .^iltn  hv  imlyval*' 
eatkniH  (nre  p.  IITKK  wltirh  itt  all  prutwbiUty  iirr  r^frntliii'  tn  llir  i 
liibition  of  iutnuful  swi'llwn;.  AiTonliim  to  thi^i-  i»iii|i»(tiful  tApi* 
inrntn  tlu*  antitt»xic  <*fTrt*t  of  ration*  !iifrt*ii3r%  with  fiii-ir  vuh-nn-  n 
wtaiuls  in  relation  to  tin*  toui/ntion  *»r  tlir  t-trrtrulyfir  .M»! 

turn  tension.1 

Our  present  kno\\led&e  imiifit*  -•  lij;it  tb  v*  $?  ?^/  :itt»l  t!»r  ^p?, 
mfl  of  /ii/ifni|iliilt  »/r/v  H!»  itluti^U  ;«*,«»^*%  ill*  fiowiti*  \  »f  -*f  -i 
ncutrnt  fHirtirhs  in  tl*t  cu  *  »*/  «J^  y/  ,  tla  lit  t  »  u  IIJMI*  i 
hausti\t»ly  tUMMi"'*i*tl  on  p;m»*  l'»»J*'  "/  l'J»«  •  .HIM  *i  f»-i  \\\^\A\\ 
thi»  ic>ni/,atton  i»f  Hlbuinin  ii;iiit*h,  p'i»I>  .I*P!  nf»  i«i#  U  .*  f:iv 
.swelling.  In  tlti'i  east-  .T«  in  fh»  ufipi  f!  ••  j»r«  *  u  ••  <i 
<lepress«M  tin*  nefioii  ot  ;ir*fii  ;tu»!  ;\\\, 
unions  neUttK  inoi^  po\\Miulh  fl^.tit  i 
og;ni/e  in  botti  ioni/Htb*u  ,in«t  *uiHuat 
er**a**t*  (if  the  fre**  '4Iffnr»\  ttlt«»*li  I*  .1  **' 
water.  Thi  ntii>  ic*t  MI  f:ir  thut  th»  in 
oeeurn  iinii  eleuvau**  pr»Hlttrt"  ji 
IM*tion^,  eHjHM'iillty  b\«ll"oKtir  r|rH\.»v»  , 
ill  swollen  ttillll  lit  tiflSIik*  It  «<*»»lifw}  , 
K.  KNOrVK\\t#l,lt*»,  tti**  iiMll*4\  I  of 

j>otitfH!tittt  iiy«lrnt«*  rrt|iiirt"  nuh 
r<H|tnres  tLtyn  in  tin*  nr«  «if  tf^ 


known  to  n  mr  in;*^  twit!  inn  »li.if  ,r.  ^s  *„»  ?  *'»,«  ^«V."4« 
gelatin  even  in  uriit  Miliitiuu  Imt  si  )*•*,.  (//I»H.  f  ,,  3  f  -  "•  vJ.  »« 
ami  mtg*ar  favor  th<  4vt4!inn  of  i*  -l-iiiii  m  4  «*^  it  UM  o.  ',»,*'  \*^*^  i 
tween  I  tint!  2  jn*r  i*  lit* 

These  itilfii  mrfr  ulutir^  «'\r!*i  i\  h  «*t*i^ii«.J  •,/'*  r  f  i*  n 
fibrin*  Both  K*4!-'  t»»'hj*x«-  i|n:i!si.iii,  »  ^  vU*  «  .  \  f  -,,#  ,».  ^  e«- 
tllilllffl  then*  ale  ifi*ii4^iif;ii  <i}fi#t«n<'  t  ihfsi  •  .,  i  i  ,  »,  JTI< 

1  TM  iivoiti  mm  iiil*tiii4  i  A  ui'tih/  4'   lU**'*!  5  ?     '*«,»»*      ,  «*  -   '  «   *       -    ,  "  . 

lift*  thwilttivr     'iffitfjtl^    ^*4*t\   t    |     I    an  »»     i  *    .  ',       ,4    •          i       i    f 

Illil* 


CY  OF  COLLOIDS  71 

than  gelatin.  Gelatin  may  absorb  about  25  times  its  weight  in 
water;  fibrin  40  times.  The  order  in  which  neutral  salts  act  on 
gelatin  is  different  from  that  in  which  they  act  upon  fibrin. 

It  may  be  assumed  that  the  different  gels  of  the  organism  vary 
quantitatively  in  their  behavior  under  the  influence  of  the  same  elec- 
trolytes and  it  is  obvious  that  the  salt  absorption  of  different  gels 
varies  as  well  as  their  water  absorption.  An  investigation  of  the 
water  and  salt  absorption  of  different  kinds  of  gels  in  the  presence  of 
mixtures  of  electrolytes  is  much  to  be  desired.  Our  knowledge  of 
tissues  and  secretions  forces  us  to  the  conclusion  that  the  different 
tissues  possess  a  very  different  specific  ability  to  absorb  certain  sub- 
stances or  ions.  Only  thus  can  we*  understand  why  the  blood  cor- 
puscles withdraw  more  potassium  salts  from  the  lymph,  the  cartilages 
more*  sodium  .salts  and  the  bone-building  tissues  more  calcium  salts. 
Only  thus  can  we  obtain  a  conception  of  the  specific  crystalloid  con- 
tent of  various  secretions  and  of  selective  resorption. 

The  Crystallization  of  Colloids. 

Though  P.  I*.  VON  WKIMAUN  describes  the  crystalline  state  as  the 
"sole  ultimate1  condition  of  matter"  which  is  characteristic1  for  all 
substances  (even  gases),  we  shall  not  attempt  here  a  critical  study  of 
this  theory  nor  determine  the  limits  of  the  crystallisation  of  solids. 
We  shall  consider  only  how  crystals  occur  in  colloidal  substances 
and  more  particularly  limit  ourselves  to  the*  bioeolloids.  We  know 
only  a  limited  number  of  exyHtallimble  biocolloids;  the  most  im- 
jwrtaut  are  egg  albumin,  horse  serum  albumin,  certain  plant  albumins 
(oleurou  crystals  from  Para  nuts,  cotton,  hemp  and  sunflower  seeds), 
oxyhemoglohins,  hemoglobin  and  methemoglobin.  Egg  albumin  has 
been  obtained  in  the  shape  of  needles,  the  albumins  of  vegetable  seeds 
partly  in  odahedra  and  partly  in  tablet-shaped  hexagonal  prisms. 
Oxy hemoglobins  crystalline  in  various  ways  depending  upon  the 
animal  sjx*des  from  which  they  arc*  derived.  For  example,  horse 
oxyhemogiohtn  forms  rhombic,  and  squirrel  oxyhemoglobin  forms 
hexagoiuil  prisms.  These  substances  may  be  recrystallwed  and  under 
the  same  conditions  give*  the*  identical  crystal  form.  It  may  be  re- 
marked in  passing,  that  many  crystals  giving  the  albumin  reaction 
have  frequently  been  observed  in  organs,  but  they  have  been  in- 
sufficiently studied.  [Crystalline  form  is  markedly  influenced  by  the 
presence  of  protective  colloids  in  the  crystallising  solution.  See  J. 
AiiKXAXDKit,  Kolloid  Xeilscjhrift,  iv,  p.  80.  Tr.)  Crystalline  products 
have  Uim  obtained  from  *tarc/w?«,  e.g.,  sphero-eryHtals  from  inuliu. 

1  BibJitigriiplty  givm  m  Wo.  OSTW^LD'B  Grumlws  dor  Kolloidclioxmo  (Dresden, 

1911). 
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The*  crystallisation  of  alkaline  Milts  of  the  higher /n////  ami  tinjlic 
acids  is  well  known. 

The  crystals  of  colloids  an*  distinguishable  from  thosr  «»f  crystal- 
loids in  many  respects.  That  their  solution  i*  preceded  l»y  a  Dwelling 
Is  not  surprising  in  view  of  the  hydrophilc  colloidal  characti-r  of  the 
substances  under  consideration.  <  »n  the  other  bind,  it  is  remarkable 
thai  <M<T  atnsiitm'nts  may  always  be  demonstrated  as  inchi*iou*. 
The  crystallised  globulins  from  vegetable  MIMMU  always  rnittiiin  mm- 
mon  salt.  K.  A.  II,  MOHNMH*  ^low^l  that  only  tip.*  >ulj»hatr4  uf 
rglC  ami  smoii  allniiitin  wrrr  rrystnlli/,al»l«\  A^  K.  Aiii*Kiiii.\i,i»K\*3 
has  sliowu,  oxyhi'iiu^Uibiu  crystal!-  tlo  not  rtnitniii  ifirir  |*rti|trr  pri*- 
portion  of  all>U!nin,  awl  although  UUIUITOUM  n^rarrhrM  on  rrvHtalti/ni 
egg  albumin  havr  |MM*II  uiuh*rt.ak«*n,  intUtTrrrnt  inMann-f*  thf  iun«»unt 
of  (H)ntaint»tl  carlM»hytlratr  varifil. 

In  spitt*  of  tlu*sr  farts,  w«*  at*-  «»f  th»  «»pinion  that  iu!lu$il  ran 
actually  rrystalli/a*,  ami  thut  thrii  cr\^t:il  ftiiiu  r  n*ii  « Mittt'(»Ui  4  1*> 
the*  crystallf>i«l  impurities,  \V*  kn»*w  that  n\  t'ilit»i«!  fr*  ijn»  nfl\ 
incluth*  moth«*r  luiuor,  that  thr\  ma\  !»«»m  nu\t«l  rr\  f.il>  an>t 
that  it  is  often  imiwKMhlr  I**  rrnif»\»  unptuitu1  l*\  tiiiintuv  r* 
crystalli/.atit»n.  In  view  of  the  per  r  tent  alt  mnf«M?  ot  »-f\  I  ilh^il 
albumins  it  is  probable  that  unl\  iliMi  ;i!f  JtK»  *vnnp**uni|  PM  r-.  ,i 
<U»finitt*crystalHiw*sliajH\  Ksj>i*eiaH\  fa\onbl«*  f*i  thi-  \\*  \\  nfh*  f,i»*t 
rejM>rt<»tI  by  DAHUUWHKI,  that  m  -f-ilh/eil  t*v*r  allonnm  wh»*n  plaer»l 
in  a  H.G  jn*r  rent  .sohition  of  aminnnium  ulpi*.it»  ,  »-\hP  if"  .t  i»  nir 
rapid  tlifTusion  than  salt  fr«*r  albtmun,  an»i  hi  iU«n*  «*is*-  rdls 
of  the  atomic  volume  of  list*  litttii,  "flu*  rt\  't'ilii/e»i  etff*  albtunin» 
tliitrefore,  is  ftirmnt  of  ,Hiiiii!lt*r  particles, 

The  of 

Though  in  the  ab-tenre  of  rhefmt*'il  ehntu  •  *\  c^  *t:ii!H!iI^  i«  i  «n  t|4»  ir 
physical  properties  in  th»*  t*a.  «•  »*!*  ei*!!ui«l .  nil*  i  » l;i|*  *  M»  inn***  *•!  ,»iu;«  > 
occur  which  an*  common!)  call**!  fi^M.*;.  l*n  m  I  HIM  ^irir  i»'nt 
which  IMH  !n»en  fft*nlth  prt'p,in*«l  froi$*  wafu  ri4,  -*«J-ifn»n  ,in»l  H«  1 
is  at  first  fiialyjtable  hut  lo>i i<  thi*  pt>*j* i?1*  ^1(1*1  »  f  w  *nr^  .  \t«»-t 
of  the  "aging  phenommn1*  *»f  Mil-  in  i*h;ipief»  i$/*  4  !  *,  t }*<  I  i^f  fl  it 
the  partirles  of  a  highh  «ls  j«i'»*l  nlnfiHii  r,i?L*i  f  ^  ^^i  *.*  !«>ini 
larger  particles,  that  then  <tnrttiuncv.  1*1  A^^m^v,^^  ^  n-  ^ .,  t4 

i»T   thlit    they   HJM»ittaueott»il\    na/ttisitr,      In    T*»"     «   4  •     *»/    ,«,«     **i    il 

elasticity  sufferh  rliiiiip*H  ami  thi*\  !«tr»*tfir  njii$i\iIH  iiJ,  «fi4uv/  n»  **»n 
or  ttirlti<L 

B(*aring  in  iiiiinl  that  roll«»t«l-.  ure  mi^n^tuM*    *\  ^»iir  ,  i*  ',    t<   *,!  *n^ 
that  in  the  course  of  tim«*  th*s  w*  f  *  h'inj.'« ,   '*!,•<•    0»  ,   t  1,4  *,,  i  < 
come*  ntuble  HVHU*ints,    In  tin* «  \atu*itaY t»»u  uf  ,t  e*4ii>a'i,  ilt»'  iii»ii*«  tin  ^ 
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found,  strictly  speaking,  are  applicable  to  its  momentary  condition; 
previously  and  subsequently  it  has  different  properties.  Every  point 
of  its  life  curve  has  a  previous  history  and  the  final  portions  of  this 
constantly  flattening  curve  are  the  aging  phenomena.  In  con- 
tradistinction to  crystalloids  every  colloid  is  a  particular  individual. 

If  solutions  of  hydrophobe  colloids,  e.g.,  arsenic  sulphid,  gold  solu- 
tion, etc.  (without  protective  colloid),  are  permitted  to  stand  for 
some  time,  they  flocculate  after  a  short  time  or  else  after  a  lapse 
of  years.  It  may  be  that  traces  of  electrolytes  are  responsible 
for  the  flocculation.  In  other  cases,  electrolytes  certainly  play  no 
part;  as  I  shall  show  by  a  number  of  examples,  there  is  an  evident 
tendency  for  the  unstable  colloids  to  pass  over  into  less  dispersed 
and  stable  systems  (see  L.  WOHLER/S*  observation  on  the  aging  of  col- 
loidal molybdic  and  tungstic  acid).  Several  years  ago  H.  BECHHOLD 
and  J.  ZiEGLER1  sought  to  prepare  for  therapeutic  purposes,  with 
the  aid  of  new  and  especially  suitable  protective  colloids,  solutions 
of  such  organic  substances  as  are  insoluble  in  water  (iodoform,  iodo- 
chloroxychinolin,  camphor,  etc.).  They  succeeded  in  thus  preparing 
the  substances,  which,  however,  kept  only  a  few  weeks,  when  they 
would  separate  out  in  crystals.  Obviously  these  substances  are  not 
sufficiently  insoluble  and  they  exhibited  the  adsorption  phenomenon  de- 
scribed on  page  18.  P.  P.  VON  WEIMARN  made  analogous  observations 
on  the  sol  of  barium  sulphate  in  which  crystals  appeared  at  the  end  of 
six  months.  The  inequality  of  the  particles,  or  more  correctly  "the 
"specific  surface/7  obviously  militates  against  the  stability  of  such 
colloid  solutions.  In  the  majority  of  cases,  it  soon  leads  to  the 
"death"  of  the  colloidal  system. 

Furthermore,  we  must  emphasize  that  the  changes  in  the  col- 
loidal system  need  not  always  consist  in  a  diminution  of  the  disper- 
sion. Occasionally  we  find  that  the  particles  become  smaller  with 
the  lapse  of  time,  but  this  has  hitherto  been  observed  only  in  the 
case  of  hydrophile  colloids  (glycogen,  benzopurpurin,  hemoglobin, 
lecithin,  etc.)  (W.  BILTZ  and  L.  GATIN-GRUSZEWSKA,*  LEMANISSIER,* 

E.  RAHLMANN,*1  R.  ZsiGMONDY*2). 

Under  some  circumstances  even  electrolytes  may  act  disruptively. 
Thus  B.  G.  MOORE  and  H.  E.  ROAF*  observed  that  minutest  traces 
of  electrolytes  are  absolutely  necessary  for  the  stability  of  an  albumin 
solution,  as  was  frequently  pointed  out  by  E.  JORDIS  for  hydrophile 
sols.  W.  BILTZ  and  H.  VON  VEGESACK*  observed,  however,  that  in 
the  case  of  dye  solutions,  merely  with  the  lapse  of  time,  marked  in- 
crease in  viscosity  occurs. 

It  may  be  pointed  out  in  connection  with  the  aging  of  jellies,  that 

1  As  yet  unpublished. 
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freshly  jxnired  gelatin  cylinders  reach  a  practically  eunstant  modulus 
of  (Rusticity  at  the  end  of  three  to  four  hours.  HUH  accords  with  the 
fact  observed  by  V.  STOWKI*,  that  crystalloids  diffuse  more  rapidly 
in  quickly  chilled  than  in  slowly  chilled  gelatin,  and  that  this  differ- 
ence disappears  after  several  days  (see  p.  54). 

At  the  outset  we  sjx>ke  of  the  "life  curve  of  colloids,"  of  Caging 
phenomena,"  "death/1  "individual  properties/*  etc.,  ittid  it  might 
appear  that  these  are  only  similes  borrowed  from  the  organized 
world.  In  my  opinion  the  relationship  is  closer,  and  I  believe  that 
we  may  obtain  a  more  profound  understanding  of  tht*  phenomena  of 
Life  (HO  unintelligible  to  us)  by  a  study  of  such  phenomena  in  colloids. 

Aying  has  hitherto  been  considered,  for  the  must  part,  a  purely 
biological  phenomenon.  In  my  opinion.,  we  may  attack  the  problems 
with  the  methods  of  exact  science,  if  we  could,  but  separate  two 
groups:  the  organs  (cell  groups),  which  constantly  renew  themselves, 
from  those  which  are  lasting.  We  would,  A  priori,  rxprH  changes 
in  the  latter  similar  to  those  observed  as  aging  ph<*numeim  in  col- 
loids. We  saw  that  a  rapidly  chilled  gelatin  was  at  first  easily  pene- 
trable for  crystalloids,  but  that  with  I  inn*  it?*  resist  mice  increased* 
We  may,  therefore,  assume  that-  in  young  organs  lfre>h  ntrmbmnr.*) 
the*  exchange  of  matter  by  difTusiun  proceeds  mure  rapidly.  The 
decrease  in  elasticity,  one  of  the  must  fhartit't**rtstu'  pht*n<»!uefm  uf 
aging,  may  be  inti^urably  followed  in  aging  gelutiu.  In  f?it*i  it  hiw 
been  shown  that  for  the  vital  staining  uf  nerves  with  iiiethylene  I4m% 
young  animals  are  more  suitable  thuit  tild  twes.  With  then* 

occurs  tihrinkinih  which  lH*gins  alrriuiy  iu  intrnutrrine  life,  lit  th«* 
third  month  of  liuman  fatal  lift*  th«*  water  ctJiiffttt  m  ll-l  |>rr  rent,  uf, 
birth  it  is  69  to  M  pt*r  cent,  in  miult  lift*  5S  jn*r  cent.  We  tuny  f4i§y 
in  general  that  with  aging  then*  is  a  ili*ereiu4e  in  the  swelling  nipurity 
of  fha  organ  colloids.  This  h«*ht*t  tiuth  ft»r  iiittiitnl  ttrgiini.Hiit^,,  whirh 
lone  water  as  they  grow  older,  mid  fur  (limit*  itlfy  Iruves  '-••• 
cation). 


Tyndftit  Phrmmwuoit.    CFrtifit  \Y«» 
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CHAPTER  VI. 

OPTICAL  AND  ELECTRICAL  PROPERTIES  OF  COLLOIDS. 
Optical  Properties. 

('ou*ou>At*  solutions,  r.f/.,  albumin,  always  show  a  slight  turbidity. 
If  it  strong  ray  of  light-  is  passed  through  such  a  solution,  its  path 
may  he  seen  us  a  bright  hand.  (See  Plate  I.)  The  "Tyndall  phe- 
nomenon," as  it  is  known,  is  much  more  distinct  if  a  ray  of  light  is 
passed  through  smoke*  or  through  a  turbid  suspension,  in  which  case, 
tin*  reflected  light,  is  polarised.  This  phenomenon  manifests  itself 
if  u  sunbeam  pusses  into  a  dark  room.  The  illuminated  dust  par- 
ticles (motes)  appear  bright  against  the  dark  background. 

Mtc'HAtt!.  KAUAUAY  observed  the  phenomenon  in  the  case  of  gold 
hydroHois  and  he  wan  led  to  the  opinion  that-  such  solutions,  which  wo 
nowadays  call  colloids,  were  nothing  but  extremely  finely  divided 
mispensums  (dispersed  systems).  It  was  a  great  service  to  science, 
wi»*n  H.  SiKDKS'TotM'*  and  It,  XSIUMONDY  recognised  the  importance 
of  thi'*  phenomenon  for  the  investigation  of  colloids,  and  constructed 
an  instrument  adapted  to  this  purpose  by  passing  the  reflected  light 
iittct  n  microscope.  In  this  way  they  obtained  bright  pictures  of  the 
suspended  particles  on  a  dark  ground.  Since  neither  of  these  in- 
vestigators  paid  any  attention  to  the  representation  of  the  shape  of 
tin*  particles,  and  devoted  their  attention  only  to  the  reflection  of  a 
jwftttt  of  light,  it  was  possible,  by  utilising  the  strongest  sources  of 
light  (sun,  arc  lamp),  to  perceive  particles  lying  below  the  limit  of 
wiemsropic  visibility.  They,  therefore,  culled  the  apparatus  the 
ii  llrn  IH  imtxtMjH' . 

Tin*  gwtf.  number  of  fundamental  observations  with  the  ultra- 
microsropi*  which  we  owe  to  U.  ZHtuMONDY*2  and  his  followers  have 
bent  rrjifiitrdty  mentioned.  It.  XHKJMONDY  called  the  particles 
which  In*  could  definitely  distinguish  against  the  dark  field,  but 
wlitrli  W«TP  fur  below  tin*  limit  of  microscopic  visibility,  xubmicrow 
(from  <*  to  2a()  up}.  If  only  u  faint  cone  of  light  could  be  seen,  it 
is  to  bi*  iisxunied  in  many  eases,  that  the  smullncss  of  th(v  individ- 
iiitl  fiurtirli*N  prrcludrs  the  recognition  of  each  one.  Such  particles 
fttti«tt*r  <5  |i|,il  lie  called  nrnlrrtwH, 

Most  iitorguitic  hydrosols,  «»Hpc*cia,lly  !n<»t-als,  form  <*hara(^t<*risti- 
cally  rtitortnl  solutions,  e.g.,  silver  hydrosols  am  brown,  platinum 
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hydrosols  are  greenish  brown,  gold  hydrosols  are  red  but  become  blue 
and  finally  brown  when  electrolytes  are  added.  In  the  ultramicro- 
scope  the  individual  particles  are  not  of  a  uniform  color.  For  in- 
stance, collargol  has  blue,  red,  violet  and  green  particles,  the  particles 
of  a  red  gold  solution  are  chiefly  green,  those  of  blue  solutions  range 
from  yellow  to  reddish  brown. 

•  Theoretically,  submicrons  of  the  same  size  should  have  the  same 
color  so  that  the  variety  of  color  in  the  ultramicroscope  indicates 
variation  in  the  size  of  the  particles.  As  a  matter  of  fact,  as  we  have 
said,  the  smaller  submicrons  of  finely  divided  red  gold  hydrosol  are 
almost  all  green  though  there  are  very  small  brown  submicrons. 
There  is  no  entirely  acceptable  explanation  for  the  color  variation  of 
submicrons  of  identical  size. 

The  number  of  particles  visible  in  the  ultramicroscope  is,  in  the 
case  of  hydrophile  colloids,  usually  far  less  numerous  than  might 
have  been  expected  from  their  other  properties.  This  is  the  result 
of  their  inferior  reflecting  power.  If  a  piece  of  swollen  gelatin  is 
immersed  in  water  it  becomes  invisible,  because  no  light  is  reflected 
to  the  eye.  On  this  account  the  ultramicroscope  is  not  suitable  for 
determining  the  number  or  size  of^  the  particles  of  hydrophile 
colloids. 

We  may  here  recall  an  observation  of  G.  QuiNCKE*3  which  is 
perhaps  destined  to  be  of  great  importance  for  many  biological 
questions  but  which  deserves  attention,  even  from  a  purely  physical 
standpoint.  G.  QUINCKE  observed  that  in  the  induced  clarification 
of  mastic,  gamboge,  kaolin  and  india  ink  suspensions,  the  flocks 
usually  separated  on  the  dark  side;  in  spontaneous  clarification  of 
kaolin  turbidity,  however,  they  settled  on  the  light  side.  A  turbid 
solution  of  tannate  of  glue  settled  out,  mostly  on  the  side  towards 
the  light.  He  described  this  phenomenon  as  positive  and  negative 
photodromy.  This  fact  is  suggestive  of  many  of  the  phenomena 
which  H.  SiEDENTOPF*1  observed  in  his  light  reactions  in  the  ultra- 
microscope. 

JellieSj  especially  those  of  higher  concentration,  on  deformation 
by  compression  or  traction,  show  double  refraction  (KTTNDT).  Nega- 
tive refraction  was  observed  in  the  case  of  gum  arabic,  collodion  and 
gelatin,  positive  in  the  case  of  tragacanth  and  cherry  gum.  The 
same  kinds  of  jellies  when  dried  showed  respectively  the  same  kinds 
of  refraction.  If  gelatin  poor  in  water  is  brought  in  contact  with 
gelatin  rich  in  water,  so  that  there  is  a  mutual  interchange  of  water, 
both  become  doubly  refractive.  (M.  W.  BEIJERINCK.)  On  re- 
peated swelling  and  shrinking  of  jellies,  the  positive  double  refraction 
passes  through  an  isotropic  condition  into  a  negative.  (QUINCKE.) 
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('hle)ritls  and  nitrate*s  diminish  the  double  refraction;   sulphates  are 
without  efYert.     Phenols  change  the  direction  of  the  refraction. 

The  phenomenon  is  important  for  the  understanding  of  the*  double 
refraction  of  organized  structures  (plant  fibers,  muscle,  horn,  etc.). 

Electrical  Properties. 

If  two  electrodes  are  placed  in  a  solution  of  a  hydrosol  as  free  as 
possible  of  electrolytes,  and  a  current  is  allowed  to  pass  through,  we 
immediately  notice  the  movement  of  the  colloid  to  one*  of  the  elec- 
trodes. Various  suspensions  (suspensions  of  clay,  rosin,  etc,),  M 
well  us  most  hydrophobe  hydrosols  migrate1  to  the  anode,  whereas 
the  colloidal  metal  hydroxids  (iron  or  aluminium  oxid  hydrosol,  etc.) 
move  to  the  cathode.  Hydrophile  colloids  (albumin,  etc.)  exhibit, 
if  almost  free  from  electrolytes,  no  definite  recognisable  directive 
tendency.  The  /.one  of  1 1  ion  concentration  in  which  there*,  is  no 
migration  has  been  named  by  L,  MietiiAKLis  the.  ixoeledric  zone. 
The  addition  of  acids  causes  migration  of  these*  colloids  to  the, 
cathode1,  alkalies  to  the*  anode*;  they  them  behave  as  if  they  were 
salts  of  the  acids  or  alkalies  involved,  and  this  may  actually  corro- 
s{K.mel  with  the*  facts  (WH*  p.  149  et  seq.). 

This  movement  of  suspensions  and  hydrosols  against  the*  water, 
under  the  influence  of  the  electric  current,  is  called  cntaphoreMx. 

The  colloid  particles  behave  like  ions  and  their  xptwd  of  migration 
is  similar  in  rate*.  XHIUMONDY  calculated  from  the  speed  e>f  migration 
(0.(X)2  mm.)  and  the  eliamete*r  (50/^u)  of  the.  particles  of  a  colloidal 

silver  solution,  that  the*  particle's  were  charged  with   297  X  10 l(> 

electrostatic  units  winch  in  the*  equivalent  of  02  elemental  units. 
Such  a  particle  is  in  a  certain  sense  an  ion  e>f  02  valencies. 

If  a  protective  colloid  (albumin,  gelatin,  etc.)  is  added  to  a  HUH- 
]K*nsion,  the  hitter  acts  as  if  its  entire  mans  was  composed  of  the 
protective*  colloid.  The  commercial  inorganic  colloids  (collargol, 
iysargin,  etc.)  do  wot  behave  in  an  electric  current  an  does  pure 
colloidal  silver,  but  as  albumins  or  albumoses.  Their  direction  may 
be  changed  at  will  by  the*  odelition  e>f  aciels  or  alkalis. 

The  process  may  be  re*ve*rse*el,  that  is,  the*  wate*r  may  be  me>ve*ei 
under  the*  influence  e>f  e*le»etrie'.al  eliffe*re*nce  in  pe>te*ntial,  provielenl 
the  suspe*nsiem  in  helel  fixed.  The  e%xpe»rime»ntal  preweehnv  is  as 
follows:  Inste*ad  e>f  a  clay  suspe*nsie>n  we*  che>e>se»  a  porous  clay  wall 
I>  (Fig.  HK  pe»rme»able*  for  wat.t*r,  by  me»ans  of  which  a  U-Hhapenl 
tube  is  dtvidecl  into  two  parts.  If  the  tube*  is  filled  with  wate*r  and 
into  each  branch  an  elee^rode1  is  mtrodueeel,  the*  wat.e*r  me>ve*s  uneleT 
tin*  influence  of  the  electric  e*urre»nt  anel,  in  fact,  it  will  rise*  em  the* 
cathode  Hide  until  it  exerts  a  e*ertatn  pre»ssure*  against  the*  anodes 
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This  process  is  called  electro-endosmosis.  In  principle  the  two 
lomena  are  the  same.  For  the  exact  study  of  electrical  migra- 
which  was  first  investigated  by  G.  WIEDEMANN  and  G.  QUINCKE, 
rro-endosmosis  proved  to  be  experimentally  more  easily  avail- 
,  A.  COEHN*  has  shown  that  it  is  a  general  and  quantitative  law, 


FIG.  8.    Apparatus  for  electro-endosmosis.   (H.  Frcxmdlich.) 

substances  possessing  higher  dielectric  constants  are  positively 
ged  when  brought  into  contact  with  substances  of  lower  dielectric 
fcants, 

e  have  already  seen  that  numerous  substances  arc  negatively 
ged  in  respect  to  water  while  others  are  positively  charged  and 

under  the  influence  of  the  electric  current  there  occurs  a  move- 
:  of  the  suspended  substance  or  of  the  water.  This  migration 

be  influenced  by  the  addition  of  electrolytes.  J.  PEIIRIN  used 
mragms  of  porous  carborundum  and  of  naphthalin  and  measured 
amount  of  water  which  passed  through  the  porous  wall  by  on- 
losis,  under  the  influence  of  an  electric  current. 

the  following  table  +  indicates  passage  to  the  positive,  —  to 
legative  pole. 


Diaphragm. 

Solution. 

Amount  of  fluid 
transferred  in  cmm. 
per  minute. 

oru.nd.um 

0.02     mol.  I1C1 

4-    10 

orundum.    ...         .       .... 

0.008    mol.  HCl 

0 

orundum  

0.002    mol.  HCl 

—  15 

orundum 

dist.  water 

—  50 

orundum 

0  0002  mol  KG  IF 

—  GO 

orundum  .    . 

0.002    mol.  KOH 

—  105 

thalin  1  

0.02     mol.  HCl 

4-  38 

thalin  

0.001    mol.  HCl 

4-  28 

thalin  

0.0002  mol,  HCl 

4-    3 

thalin. 

0.0002  mol    KOH 

—  29 

thalin.  .   . 

0.001    mol.  KOH 

—  00 

;ried  to  cause  naphthalin  suspensions  to  migrate  in  Htronp;  curnmtH  (400  voltn)  but  could  not 
e  any  cataphoresis  either  in  neutral,  in.  acid  or  in  alkaline  .solution.  Nor  could  I  obtain  a 
ion  of  suspensions  of  naphthol  and  naphthylamin  in  neutral,  very  faintly  acid  or  very  faintly 
.e  solution  (hitherto  unpublished), 
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It  follows  from  this  that  the  negative  charge  of  negative  diaphragms 
(as  is  evident  from  the  table)  increased  in  alkaline  solution.  With 
a  decrease  in  the  OH  ion  concentration  (with  naphthalin)  or  the  in- 
crease in  the  H  ion  concentration  (with  carborundum)  a  point  was 
reached  in  which  there  was  no  difference  in  potential  between  water 
and  diaphragm.  With  further  increase  in  the  H  ion  concentration 
the  diaphragm  took  on  a  stronger  positive  charge. 

If  a  positive  diaphragm  is  chosen,  as  for  instance  chromium  chlorid, 
th'e  conditions  are  reversed. 

J.  PERRIN  studied  the  influence  of  salts  in  the  presence  of  acids 
and  bases.  It  was  shown  that  they  cause  a  loss  of  charge  with  moder- 
ate concentrations  and;  in  fact,  that  the  strength  of  their  action  de- 
pended, in  the  case  of  positively  charged  diaphragms,  upon  the 
valence  of  the  anions,  while  in  the  case  of  negatively  charged  dia- 
phragms it  depended  upon  the  valence  of  the  cations.  With  higher 
concentration  of  polyvalent  anions  or  cations  a  loss  of  charge  may 
occur. 

Upon  calculating  the  concentration  of  salt  which  just  halves  the 
amount  of  fluid  (v  in  mm./minutes)  transferred,  the  following  figures 
were  obtained: 


Diaphragm. 

Charge. 

Salt. 

V 

i-i 

(NaBr  or  KBr). 

Carborundum 

NaBr 

50 

1 

Carborundum 

_ 

Ba(N03)o 

2 

25 

Carborundum  

_ 

La(N03)3 

0.1 

500 

Chromium  chlorid 

+ 

KBr 

60 

1 

Chromium  chlorid  

+ 

MgS04 

1 

60 

Chromium  chlorid.  . 

+ 

K3Fe(CN)6 

0.1 

600 

The  last  column  -  shows  us  that  the  discharging  effect  increases 

with  the  valence  of  the  anions  as  1  :  25  :  500  and  in  the  case  of 
cations  as  1  :  60  :  600.  In  the  section  on  "flocculation,"  we  shall 
see  a  very  remarkable  application  of  this  phenomenon. 

Of  the  many  theories  proposed  to  explain  these  circumstances, 
that  of  H.  FREUNDLICH  and  L.  MICHAELIS,  according  to  which  the 
various  ions  are  adsorbed  to  different  degrees,  seems  to  us  most  prob- 
ably correct;  in  point  of  fact,  the  H  and  OH  ion  have  especially 
high  adsorption  coefficients.  Since  a  separation  of  anion  and  cation 
usually  cannot  occur,  there  arises  a  difference  in  potential  at  the 
surface  between  the  dispersed  phase  and  the  water.  An  indifferent 
substance  in  a  weakly  acid  solution  will  adsorb  H  ions  and  become 
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positively  charged  in  respect  to  the  fluid;  in  an  alkaline  fluid  it  will 
become  negatively  charged.  If  the  dispersed  phase  itself  has  basic 
or  acid  properties  it  will  behave  in  pure  water  like  a  cation  or  an 
anion  respectively.  If  to  an  acid  suspension,  e.g.,  clay,  an  alkali  is 
added,  K  ions  are  adsorbed,  OH  ions  are  concentrated  and  held  at 
the  outer  film  and  the  negative  charge  is  thereby  increased.  The 
reverse  occurs  upon  adding  acids;  the  charge  is  released  and  may 
even  take  the  opposite  sign.  According  to  this  view,  colloids  wan- 
dering to  the  anode  are  discharged  only  by  cations;  those  travelling 
to  the  cathode  only  by  anions.  We  have  seen  that  polyvalent  ions 
have  a  considerably  greater  discharging  power,  which  increases  with 
their  valence.  This  experimental  fact  accords,  as  do  all  the  others, 
with  the  theory  propounded. 

In  the  case  of  hydrophile  colloids,  it  suffices  for  us  to  assume  that 
we  are  dealing  with  very  large  amphoteric  molecules  which  become 
cations  in  acid  solution  and  anions  in  alkaline  solution. 


Salting  Out. 

If  large  quantities  of  a  neutral  salt,  for  instance  ammonium 
sulphate,  are  added  to  a  solution  of  a  hydrophile  colloid  (albumin, 
globulin,  casein,  albumose,  silver  protected  by  a  protective  colloid, 
etc.),  or  certain  inorganic  hydrosols,  e.g.,  sulphur,  the  colloid  is  thrown 
out,  but  it  redissolves  upon  dilution  with  water.  This  is  the  process 
of  salting  out,  as  practised  technically.  If,  for  instance,  enough  com- 
mon salt  is  added  to  an  aqueous  solution  of  phenol,  the  phenol 
separates  out.  We  might  regard  this  as  a  withdrawal  of  water  by 
means  of  the  electrolyte,  since  we  know  from  the  observations  of 
recent  years  that  ions  form  hydrates  in  aqueous  solution,  i.e.,  every 
ion  attracts  a  greater  or  smaller  number  of  molecules  of  water.  I 
have,  however,  been  unable  to  discover  any  relation  between  the 
salting  out  process,  from  the  figures  for  the  hydration  of  a  number 
of  different  ions  as  calculated  by  E.  H.  RIESENFELD  and  B. 
REINHOLD*. 

The  more  closely  a  hydrophile  colloid  approaches  the  crystalloid 
condition,  the  greater  is  the  concentration  of  salt  required  for  salting 
out.  Thus,  for  instance,  the  albumoses  are  classified  in  accordance 
with  concentration  of  salt  required  for  their  precipitation  (see 
p.  166.) 

As  early  as  1907,  BECHHOLB  had  already  called  attention  to  the 
relation  between  salting  out,  and  particle  size  and  salt  concentration. 
S.  ODEN  produced  the  experimental  evidence  that  reversible  sul- 
phur and  silver  hydrosols  could  actually  be  separated  in  fractions, 
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distinguishable  by  the  size  of  their  particles,  by  "  fractional  coagula- 
tion/' 1  i.e.,  by  the  addition  of  salt  solutions  of  progressively  increas- 
ing strength. 

The  influence  of  neutral  salts  exhibits  regularities  which  are  of 
great  importance  in  a  number  of  biological  phenomena  and  which  we 
shall  repeatedly  encounter.  The  salting  out  of  hydrophile  colloids, 
gelatinization,  the  irritability  of  muscle  and  nerve,  the  permeability 
of  cell  membranes  (blood  corpuscles,  etc.),  the  swelling  of  membranes 
and  many  other  phenomena  are  thus  related  to  a  group  of  physico- 
chemical  properties  of  solutions,  whose  relationship  is  indubitable 
even  though  the  true  basis  is  not  clear.  With  H.  FRETJNDLICH  we 
shall  describe  these  effects  of  neutral  salts  as  lyotropic  (solution 
changing),  and  we  shall  study  them  more  closely. 

Most  inorganic  salts  increase  the  surface  tension  of  water  and  from 
a  table  of  W.  K.  RONTGEN  and  J.  SCHNEIDER  we  obtain  the  following 
series  for  the  increase  in  the  surface  tension  by  the  alkaline  iodids: 

Na  >  K  >  Li  >  NH4. 

With  the  anion  of  various  alkalis: 

C03  >  S04  >  Cl  >  N03  >  I. 

Though  the  compressibility,  the  solubility  and  the  viscosity  of 
water  are  changed  in  a  similar  order  by  neutral  salts,  the  relation- 
ship is  much  more  fundamental.  Neutral  salts  may  accelerate  or 
impede  catalytic  effects,  such  as  the  inversion  of  cane  sugar,  the 
saponification  of  esters  and  the  changing  of  acetone  into  diacetone 
alcohol.  The  action  in  add  solutions  is  usually  the  reverse  of  what 
it  is  in  alkaline  solutions  as  has  been  shown  by  R.  HOBER.  In  acid 
media  the  acceleration  by  cations  is 

Li  >  Na  >  K  >  Rb  >  Cs, 
in  alkaline  media 

Cs  >  Rb  >  K  >  Na  >  Li. 

For  anions  in  acid  solutions  the  following  order  holds: 
I  >  N03  >  Br  >  Cl  >  CH3C02  >  S04. 

In  alkaline  solution  the  series  is  reversed. 

In  neutral  solution  also  the  lyotropic  series  holds,  although  small 
changes  in  the  arrangement  may  exist  for  some  of  the  ions. 

1  Since  reversible  hydrosols  are  considered  I  might  describe  the  procedure 
preferably  as  "fractional  salting  out." 

It  is  particularly  interesting  to  know;  that  according  to  ODEN  and  OHOLM  the 
particles  do  not  coalesce  but  retain  their  identity  and  when  they  are  redissolved, 
there  are  as  many  particles  in  solution  as  before  the  salting  out. 
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We  encounter  such  lyotropic  series  regularly  in  the  salting  out  of 
hydrophil  ecolloids  (see  Albumin,  p.  146  et  seq.,  Lecithin,  p.  140, 
Gelatin,  p.  161)  and  in  many  biological  phenomena,  where  they  tend 
to  cause  either  a  precipitation  or  a  concentration. 

However,  we  must  not  assume  that  the  action  is  such  that  in  one 
case  the  anion  alone  is  active,  and  in  the  other  the  cation  alone. 
There  are  many  reasons  for  believing  that  there  is  an  antagonism 
between  anions  and  cations,  and  that  the  action  of  the  cation  is  more 
or  less  powerfully  increased  or  diminished  depending  upon  the 
anions  present.  If  in  a  given  instance  we  speak  of  the  cations 
causing  precipitation  or  dehydration,  we  always  mean  the  difference 
between  the  effect  of  the  cation  and  the  opposed  action  of  the  anion 
present,  in  which,  however,  the  action  of  the  cation  predominates. 

The  divalent  cations  Mg,  Ca,  Sr  and  Ba  act  more  strongly  as  pre- 
cipitants  than  the  monovalent  cations.  Biologically  they  are  im- 
portant in  connection  with  alkali  salts,  inasmuch  as  small  quantities 
of  calcium  salts  are  able  to  replace  considerably  larger  quantities  of 
alkali  salts,  e.g.,  Na  or  K.  This  greater  effect  may  even  lead  to  an 
antagonism  between  the  two;  it  has  been  thoroughly  studied  by 
Wo.  PAULI  and  II.  IlANDOVSKY.*3  It  is  sufficient  to  mention 
that  in  the  case  of  alkali  albumin,  Ca  salts  form  a  less  ionized 
Ca  albumin  combination  from  a  more  ionized  Na  albumin  combi- 
nation. According  to  the  law  of  mass  action  small  quantities  of  Ca 
may  be  replaced  by  larger  quantities  of  Na.  We  may  thus  under- 
stand the  significance  of  the  Ca  content  in  all  physiological  fluids. 
Mg,  Sr  and  Ba  act  in  a  similar  mamier.  They  have  in  addition 
certain  specific  properties  which  obscure  the  relations. 

Large  quantities  of  alkaline  earths  cause  irreversible  changes  in 
many  biocolloids,  that  is,  they  produce  insoluble  compounds  with 
thorn.  Electrolytes  may  exert  another  effect  on  the  biocolloids; 
they  may  cause  "flocculation/7  a  phenomenon  we  shall  now  study 
more  closely. 

Flocculation. 

If  albumin  is  boiled,  it  coagulates.  A  coagulation  of  albumin  may 
also  be  produced  by  the  addition  of  ammonium  sulphate.  Though 
the  latter  process  may  bo  reversed  by  dilution  with  water,  the  boiled 
albumin  cannot  again  be  brought  to  its  fluid  condition,  by  any 
physical  means.  The  hydrophile  colloid  has  been  converted  into  a 
hydrophobe  colloid.  For  uniformity's  sake,  we  shall  consider  as  co- 
agulations only  such  processes  as  cause  an  irreversible  change. 

If  we  heat  a  very  dilute  albumin  solution,  there  is  apparently  no 
coagulation;  at  most  the  fluid  becomes  slightly  opalescent.  In 
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tv.iltiy  a  ejaculation  has  ueeunvd  here,  sinee  the  addition  uf  a  drop 
n!   aeriie  anil  or  a  hul«-  ammonium  sulphate  produees  Hocks.     The 
pr.Mv---  i-    ?f«t'fvi~«»!v  ealltd/'ir-f'ifr  »-,.     These  albumin  Hocks  are  in- 
*  a*  »f»    tii  \»  \\i  v 

"•^   *'V    fl^      "'•"  ;  *"•  *      ,  b\    flu*  iittKilomerntion  of  tin*  smallest 

pnr4«w4»          *    Pl'i't    1    /*  and  *'    und»  r  the  influence  of   the  acetic  acid 

>.   amm««mum      uph-if*    w  -i     it    p«t    tble  to  separate  the  two  phases 

«  if*  t    ill   jiu*n         Hi     <  ccur     in   a   way   similar   ft*    that   in   which 

i1*1   dt«»p     *#      »t»i  -ire  l«»siitMl  mi  li-r  ei  rtain  I'tHnlititHH  hy  the  union 

*'«   puU»!      i*   utt  f        list    ufttmt   i     piverilrti  1  »y   a   >lovvin^   cif  the 

t*!*n\iiiiii  /  ,  *ia«  ,itj«,  HIM,  i  iin'itf  >  .1  ,  has  IH-III  shown  with  the  ultra- 

M*,i'f.»   »N»p      ^     \.lll  \Kt 

/;        '  •'!»''*     v;  /*/•*  f   */itnt>n.      It    1-4  hruiiujif   alu»ut   l»y 

»**!'  •*/  *  ii  II  *  tit  f*^/»  /  if  uiijuriitf  r/fr/nV  r/iiir<|f,  as  well  as 
^  '  "  '  i  f  'I  It*  i  •  'v  »  /  shr  a«'ti«»n  of  ray*  i.--*  mueh  weaker 
H  5^  ''«  *'•!'!  o*  »l*»fi  »!  {»•  It  \vt*  --ti'ike  purilie<l  lantphlac*k 

«r'»  «  »*'  ^  «ii  it  |  nj  inn  \\hifh  remain--*  lurbid  for  wei*ks. 
i  '•  w  «i*'M»  »»!  m  .»leMhi»lir  ma^tie  >ohtti(»n  into  water, 
i  '  .*  »ii  \,i  !,  ,  ii»i  -\ru  \-i»af%,  \Ve  have  ^ei»n  that  tin* 
4>f  «•  •  'Mir  I  \tliM  •  I  ,  iirh  :i>,  roltuidat  iHNriiie  stilphid, 
M*  i*  IM*  ?|  »  'I'MHIIH»'  ft.  Btii-.t»f«**;'»  inellHwl,  gitltl  sol  pre» 
f  »»  »1  jj'«  jj1  •  *  *  It  X  h*M«  %!  \'»  method,  an*  permanent  for 
n,'JiU  ,<.<  M  <*  d  >*r  i*!'lli»*n  t  I  f  *r  lYnfti  elert  I'uly  I  e.s.  Addition 
«*  ^»'!i»  !  f  *  *i  *  n\  i  i  t  t  hi  tlorettlafion  of  these  hydrophobe 


i»i's»^      s    f«i  !«     letiplx  drfiu  ni^hi-d  from  xtiltintj  **//f,  /,«•.,  th«» 
'/   ,»?»*q*^  i  •«   i    *»    il!*«ijiii{t,  allMuno'Mt*N,  eir.,  from  solution  I»y 

i  1  1  i  1  1   I        »  >  f         It 

'  h*  it  <in  15  H  *»!  l!«  <  «*ilLsf  ton  i  etieottfitefed  espeeially  lit  the 
^  >  »  *  *  **l  ,ill»*imu  .md  in  <*ltapter  XI  II  on  //«» 

!/      *    *    ,  ,%i|ti>   it  pin     -in  important  rol«*  in  the  auultitina- 

*•  rNiM  *  ,  po  -1.  i«iM  \Ioretiver  the  preeipitaliun  of  gold 
*»/  i  '«  »*  j  *•  *  ;*m»'  tliii  I  h;i  »ie*j»tired  KH*at  .Higijifieanee  in 

/!i   i   1      t*|    Jp  1|!   if    dl  »    I  '*'*'   p     3."i  I  », 

i  i       Jin       «'  i^*  is>,    i  «'/if  nil  jjiiiiitinifii  amount   of  eleetriilyte  it* 

i  i   M      d?  ],»  -d  it^'i  f    i     rt'ijuired.     fli-low   tlte^e  limits, 

i«  «<,  ii  i«  f*  n  f  i  *  *<  „       »f    *  l*-i'lr»iK  *»*,  no  Jloreulatitin  iHTtirs 

*  i  Met***        H.  lfi  »  4u**i  i»  »*  ijlt'd  tin,  minimum,  the  "*7ir- 

'  ^  '  n,  i  -»          i    ^       *    ^.  '>  /<•«//." 

'  •*    »»     i     d    I  »  lid*  U?    HII    flit-    »  oneeltt  rat  ion    uf    the 
.  *      «'.  iliM.M  »    ,  tip*  more  eoneent  rat  *'d  the  -=U>  •  •' 


84  COLLOIDS  IN  BIOLOGY  AND  MEDICINE 

pension  and  the  electrolytes  within  certain  limits,  the  greater  is  the 
rapidity  of  flocculation.  The  dependence  upon  the  concentration  of 
the  electrolytes  is  especially  noticeable  in  the  vicinity  of  the  elec- 
trolyte threshold.  Further  away  from  the  electrolyte  threshold  the 
rapidity  of  flocculation  is  less  dependent  upon  the  concentration  'of 
the  electrolyte.  (H.  BECHHOLJx*1) 

Under  certain  conditions,  an  excess  of  electrolytes  may  lead  to 
re-solution.  This  phenomenon  is  called  peptisation.  GRAHAM  first 
observed  this  occurrence  upon  treating  ferric  oxid  gel  with  ferric 
chlorid  and  compared  it  to  the  formation  of  water-soluble  peptone 
from  coagulated  albumin  and  hydrochloric  acid.  As  a  matter  of 
fact,  peptisation  probably  depends  upon  a  renewal  of  electric  charge 
by  the  excess  of  electrolytes. 

As  has  been  shown  by  H.  FREUNDLICH  and  his  pupils  ISHIZAKA 
and  SCHUCHT  **,  these  facts  furnish  an  indication  that  the  more  sen- 
sitive a  substance  is  to  flocculation,  the  more  will  it  be  adsorbed. 

The  great  majority  of  colloids  migrate  to  the  anode,  and  on  floccu- 
lation the  cation  is  of  much  the  greatest  importance;  the  anion  plays 
but  a  subordinate  role.  The  conditions  are  reversed  in  the  case  of 
the  few  colloids  which  migrate  to  the  cathode.  However,  R.  BURTON 
has  shown  that  with  increase  of  electrolyte  concentration  the  rate  of 
migration  of  the  colloid  becomes  constantly  diminished  and  finally 
the  direction  may  change.  At  the  stage  when  the  concentration  of 
electrolytes  is  such  that  reversal  occurs,  in  other  words  the  isoelectric 
xone,  flocculation  is  most  rapid.  The  increase  in  the  action  of  the 
cations  is  out  of  proportion  to  the  increase  in  their  valence.  The 
electrolyte  concentration  necessary  for  the  flocculation  of  a  mastic 
suspension  is  FeCl3  :  BaCl2  :  NaCl  =  1  :  50  :  1000.  There  are  also 
certain  anomalies  (see'  H.  BECi-moLD,*1  as  well  as  M.  NBISSER  and 
II.  FIUEDEMANN  *)  in  connection  with  the  rate  of  migration  of  the 
ions,  as  well  as  in  the  electrolytic  dissociation  and  especially  in  the 
ionimtion  pressure  of  electrolytes.  In  general  the  above  relation 
between  the  action  of  the  cations  is  maintained.  The  powerful 
flocculating  action  of  the  H  ion  without  doubt  depends  upon  its 
high  speed  of  migration  while  the  OH  ion  has  a  corresponding  action 
upon  colloids  which  migrate  to  the  anode. 

Flocculation  by  means  of  trivalent  iron  and  aluminium  salts  show 
peculiar  anomalies.  These  were  discovered  by  M.  NEISSER  and 
U.  FKIRDEMANN*  and  also  by  H.  BECHHOLD*1  and  called  irregular  series. 
Later  these  phenomena  of  Inhibition  Zones  were  followed  further 
by  O.  TBAGUE  and  B.  H.  BuxTON*2  and  also  by  A.  LOTTERMOSER.* 
An  example  from  my  published  paper  will  best  explain  the  phenom- 
enon. XXX  means  strong  flocculation,  X  X  medium,  X  none. 
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The*  discoverers  explain  the  phenomenon  by  saying  that  the  salts 
mentioned  undergo  strong  hydrolytie  dissociation  so  that  the  col- 
loidal iron  and  aluminium  hydroxid  present,  in  the  solution  act  as 
"protective  colloids'1  somewhat  like  gelatin  or  albumin. 

The  floeculation  hitherto  described  occurs  only  with  true  hydro- 
phobe colloids.  If  the  individual  particles  possess  a  film  of  native 
albumin,  gelatin,  an  albumose  (such  as  Na  lysalbinate),  dextrin,  etc., 
the  particles  net  as  if  they  were  the  "protective  colloids"  involved 
(see  p.  77);  in  other  words  they  are  salted  out  only  by  very  large 
amounts  of  electrolytes.  The  colloid  precipitate  can  be  redissolved 
in  water  providing  the  protective  colloid  is  not  denatured  by  the 
electrolytes.  On  this  account  all  the  colloidal  metal  sols  used  thera- 
peutieally  such  as  eollargol,  bismon,  etc.,  are  "stabilised"  by  hy- 
drophile  colloids.  Without  this  protection  it  would  be  impossible 
to  preserve  them  for  any  length  of  time  and  they  would  be  floccu- 
lated when  they  were  prepared  for  intravenous  use  by  dilution  with 
physiological  salt  solution. 

It,  KSIUMONDY  considers  as  characteristic  of  hydrophile  colloids, 
the*  protection  they  give*  to  his  gold  hydrosol  against  lloccnlation  by 
electrolytes.  He  designates  as  the  gold  figure,,  the  amount  (in  mg.) 
of  the  colloid  in  question,  which  was  just  sufficient  to  prevent  the 

Hot-dilation  of  10  e.e.  of  a  gold  sol  by  I  c.c. ;;  NaOl  sol.    The  floccu- 

71 

lation  in  accompanied  by  a  change  in  color  from  red  to  blue,  and  it  is 
sufficient  to  observe  this  change1. 

The  following  data  from  It  ZSWMONDY  illustrate  this  point: 

( Sold  figure  in  mg. 
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Peptones  have  no  protective  action  at  all  [Peptones  may  cause 
precipitation.  E.  ZUNZ,  Bull.  Soc.  Roy.  des  Sc.7  Med.,  et  Nat.,  June 
11,  HXM).  Tr.],  whereas  some  of  the  albumoses,  especially  sodium 
lyxalhinate  and  sodium  protalbinate  have  a  very  powerful  protective 
action  which  G.  PAAL  utilized  in  preparing  a  large  number  of  inor- 
ganic' colloids. 

Sensitiveness  to  flocculation  may  vary  considerably  with  the 
nature  of  the  protective  colloid. 

The  Jlocculation  of  hydrosols  may  be  brought  about  not  only  by 
electrolytes  but  also  by  hydrosols,  providing  they  have  an  opposite 
electrics  charge,  as  has  been  shown  by  W.  BILTZ.  Thus,  for  instance, 
arsenic  trisulphid,  gold  and  platinum,  hydrosols,  etc.,  are  flocculated 
by  iroiioxid,  aluminiumoxid,  chromiumoxid  hydrosols,  etc.  A  proper 
relative  mixture  is  required,  which  means  the  charge  of  the  positive 
HO!  must  hei  counterbalanced  by  the  charge  of  the  negative  sol.  If 
a  sol  is  in  excess,  no  Jlocculation  occurs,  and  the  entire  complex  con- 
sisting of  both  colloids  migrates,  when  placed  between  two  elec- 
trodes, in  the  direction  of  the  sol  (J.  BILLITKH*)  which  is  in  excess. 
This  explains  why  protective  colloids  may  under  some  circumstances 
product*  ilocculation  instead  of  protection,  namely,  when  they  are 
added  in  minimal  quant.itios.  Thus,  for  instance,  mastic  emulsions 
an*  flocculated  by  0.0003  to  0.0001  per  cant  of  gelatin  (II.  BECHHOLD 
tutd  also  M.  NKISSKH  and  II.  FRIKDKMANN).  Hydrochloric  acid  in  a 
dilution  incapable  of  producing  flocculatiou  by  itself  can  coagulate 
gold  hydrosol,  mastic  or  oil  emulsion  in  the  presence  of  one  part  of 
gelatin  pc^r  million. 

AH  has  already  been  mentioned  we  must  not  confuse  the  salting 
out  of  hydrophile  colloids  with  flocculation,  though  there  are  border- 
line eases,  which  complicate  the  phenomenon.  If  we  add  for  instance 
a  unit  of  a  heavy  metal  to  a  dilute1;  albumin  solution,  a  more  or  less 
irreversible  albumin-metal  compound  will  form,  dependent  on  the 
nature  of  the  salt  upon  which  the  excess  of  albumin  acts  as  a  pro- 
tective* colloid.  Acids  may  cause  a  loss  of  charge  and  the  metal  salt 
may  then  exhibit  some*  flocculating  and  some  salting  out  action. 
Such  a  ease  might  occur,  for  instance1,  on  adding  xinc  sulphate  to 
albumin  (studied  by  Wo.  PAUU).  The  process  is  as  follows: 

ZnSO4  +  Albumin. 
0.05  n * maximum  flocculation  (irreversible  till  1  n). 

1  n precipitate  disappears. 

2  n precipitate  reappears  (reversible). 

4  n. maximum  precipitate  (reversible). 

Then*  arc  transitions  between  hydrophobe  and  hydrophile  col- 
loid* which  an*  responsible  for  the  transitions  between  flocculation 
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and  salting  out.  Cholesterin  and  lecithin  may  be  regarded  as  such 
transitional  substances,  whose  flocculation  has  been  thoroughly 
studied  by  0.  FORGES  and  E.  NEUBAUER.*  Cholesterin  closely  ap- 
proaches the  hydrophobe  colloids,  lecithin  the  hydrophile,  and  on 
this  account  the  former  is  irreversibly  precipitated  by  salts  and  the 
latter  reversibly.  Yet  the  concentration  of  alkaline  earths  required 
to  precipitate  lecithin  is  considerably  less  than  for  the  more  hydro- 
phile albumin,  and  conversely  much  greater  concentration  of  salt  is 
required  for  the  flocculation  of  Cholesterin  than  is  the  case  with  true 
hydrophobe  sols.  In  the  case  of  lecithin,  the  " irregular  series" 
occurs  even  with  neutral  salts  (magnesium  and  ammonium  sulphate) . 
As  will  be  seen  in  Chapter  XIII,  such  transitions  from  hydrophobe 
suspensions  to  hydrophile  colloids  may  be  artificially  produced  with 
emulsions  of  bacteria. 

Much  has  been  written  on  the  theory  of  salting  out  and  flocculation. 
No  one  theory  accounts  for  all  the  individual  facts,  yet  the  following 
explanation  is  generally  useful.  Flocculation  is  brought  about  by 
the  coming  together  of  small  particles  to  form  larger  complexes. 
These  agglomerations  always  occur  under  the  influence  of  electric 
forces  and  in  fact  the  optimum  for  reversible  salting  out  is  in  the  iso- 
electric  zone  (see  p.  158).  The  process,  must,  therefore,  be  brought 
about  by  a  discharge  of  the  particles.  KISDALE  ELLIS  has  shown  by 
researches  on  oil  emulsions,  that  the  charge  at  the  interface  between 
water  and  the  dispersed  phase  is  probably  reduced  to  a  minimum  by 
the  addition  of  precipitating  electrolytes.  The  smaller  this  charge 
is  at  the  interfaces  (electric  double  layer),  the  more  readily  the 
double  layer  is  broken  down,  resulting  in  a  union  of  the  suspended 
fluid  or  solid  particles. 

In  the  case  of  anodic  colloids,  cations  of  an  electrolyte,  and  in  the 
case  of  cathodic  colloids,  anions  or  an  oppositely  charged  colloid, 
lessen  or  neutralize  the  electric  charge,  so  that  the  particles  may 
unite.  (See  H.  FREUNDLICH'S  "  Kapillarchemie  "  and  Wo.  OSTWALD'S 
"Grundriss  der  Kolloidchemie.") 

Irreversible  precipitation  of  metal  hydrosols  frequently  occurs  out- 
side the  isoelectric  zone  and  the  electrolyte  threshold  is  not  as  sharp 
as  with  reversible  hydrosols. 

Radioactive  Substances  as  Colloids. 

It  has  been  demonstrated  by  electric  migration  and  dialysis  that 
radioactive  substances  occur  in  colloidal  solution.  In  view  of  the 
great  biological  significance  of  such  substance  we  shall  explain  the 
facts  more  fully. 
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GQDLBWSKI  *  found  upon  electrolysis  of  the  radium  emanations  and 
their  products  that  the  radioactive  substances  migrated  mostly  to 
the  cathode  in  acid  solutions  and  to  the  anode  in  alkaline  solutions. 
PANKTH  dialyzed  a  solution  of  radio-lead  nitrate  against  pure  water 
in  a  parchment  thimble  and  greatly  concentrated  the  RaE  and 
polonium  in  the  thimble  but  the  relation  between  RaD  to  lead  was 
not  changed.  Both  phenomena  are  characteristic  of  colloids  and 
indicate  the  colloid  properties  of  radioactive  substances;  this  led 
them  to  continue  their  investigations.  GODLEWSKI  *  successfully 
adsorbed  RaA,  RaB  and  RaC  with  inorganic  colloids  and  concen- 
trated the  radioactive  substances  by  precipitating  the  latter.  He 
was  successful  not  only  with  radium  but  with  actinium,  mesothorium 
and  uranium.  The  concentration  of  radioactive  substances  by 
adsorption  on  colloidal  silicic  acid  (EBLER,  FELLNER)  has  attained 
great  practical  value  in  the  manufacture  of  radium  preparations. 
In  fact  RaA  and  RaC  may  be  collected  from  acid  solutions  simply 
on  filter  paper  and  by  burning  the  paper  a  highly  active  ash,  free  from 
RuB,  may  be  obtained.  It  is  evident  that  in  solution  radioactive 
elements  undergo  hydrolysis  with  the  formation  of  a  colloidal  radio- 
hydrosoL 


CHAPTER  VII. 
METHODS   OF   COLLOID  RESEARCH. 

A  FIELD  of  research  extending  as  does  colloid  chemistry  into  so 
many  other  branches  of  science  must  be  served  by  countless  methods. 
Purely  chemical  as  well  as  physical  and  biological  methods  which 
the  investigator  of  colloids  utilizes  in  his  studies,  have  been  so  well 
developed  and  so  thoroughly  described  in  technical  literature,  that  it 
is  needless  to  discuss  them  more  fully  here. 

There  are,  however,  several  methods  which  are  peculiar  to  colloid 
investigation,  and  we  shall  consider  them  here.  Unfortunately,  the 
limits  of  their  usefulness  are  as  yet  unestablished;  for  some  one  to 
establish  them  would  be  highly  desirable. 

In  discussing  the  following  methods,  I  have  not  sought  complete- 
ness but  have  considered  only  those  which  have  proved  practical; 
I  have  personally  tested  most  of  them. 

To  determine  whether  a  solution  of  a  substance  is  colloidal  in 
character  it  must  be  tested  by  dialysis,  ultrafiltration  or  diffusion. 

Dialysis  is  a  purely  qualitative  method  which  determines  whether 
or  not  a  substance  is  colloidal  in  character,  i.e.,  whether  or  not  it 
consists  of  large  particles. 

Ultrafiltration  in  most  cases  may  be  used  instead  of  dialysis;  it 
works  much  more  rapidly  and  above  all  permits,  in  addition,  quan- 
titative experiments,  and  consequently  has  a  much  broader  utility. 

Both  methods  serve  to  separate  colloids  from  crystalloids.  This 
separation  occurs  with  dialysis  if  the  water  surrounding  the  dialyzer 
is  frequently  renewed;  it  occurs  with  ultrafiltration,  provided  the 
substance  on  the  funnel  is  washed  repeatedly,  as  in  an  ordinary  filter. 

Diffusion  is  an  excellent  quantitative  method  for  the  investigation 
of  particle  size.  The  performance  of  diffusion  experiments  is,  how- 
ever, a  difficult  matter,  because  even  variations  in  temperature  may 
cause  material  errors. 

Dialysis.1 

The  most  varied  apparatus  and  membranes  may  be  used  for 
dialysis.  An  apparatus  described  in  most  textbooks  and  used  in  many 

1  An  exhaustive  description  of  all  known  methods  of  dialysis  is  given  by  E. 
ZTJNZ  in  Abderhalden's  Handb.  d.  biochem*  Arbeitsmethoden  3,  pages  165-189 
and  Supplement,  pages  478-485. 
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teaching  laboratories  is  the  one  originally  described  by  GRAHAM.  A 
wide-mouthed  salt  bottle  A  (Fig.  9),  with  its  bottom  broken  off,  has 
a  pig  or  ox  bladder  or  a  piece  of  parchment  bound  about  the  neck; 
the^bottle  is  placed  with  the  membrane  downward,  in  a  vessel  of 

water  (B)1.     The  solution  to  be  dialyzed 

is  placed  in  the  bottle. 

Precautions:  Before  the  membrane  is  used, 
it  should  be  tested  to  see  that  it  can  be  made 
wet  by  water.  Greasy  animal  membranes 
must  be  rinsed  with  fresh  water  several  times, 
on  both  sides.  To  determine  whether  the 
FIG.  9.  A  simple  dialyzer.  membrane  leaks,  a  colored  solution  (e.g.,  a 

drop  of  colloidal  silver,  litmus,  or  water  colored 

with  hemoglobin)  is  placed  in  A  and  allowed  to  remain  there  several  hours, 
without  putting  any  water  in  the  outer  vessel.  Colored  drops  will  pass  through 
at  points  of  leakage  (the  margin  where  the  membrane  is  bound  should  be  espe- 
cially watched) .  To  make  sure  that  the  drops  are  really  colored  solution  and 
not  pure  water,  they  should  be  absorbed  by  filter  paper. 

In  all  dialysis  experiments,  the  substance  under  examination  may  simulate 
colloidal  character  by  being  bound  or  adsorbed  by  the  dialyzing  membrane. 
Under  these  circumstances,  if  we  wish  to  determine  whether  the  solution  under 
examination  contains  colloidal  substances,  it  is  necessary  to  use  the  smallest 
possible  membrane  with  the  largest  available  amount  of  substance.  If  too  little 
substance  is  used,  it  may  all  become  bound  by  the  membrane,  and  in  spite  of  the 
fact  that  it  is  not  colloidal,  none  will  be  found  in  the  dialyzer.  But  if  so  much 
of  the  substance  under  investigation  is  used,  that  in  spite  of  any  possible  ad- 
sorption by  the  membrane,  plenty  still  remains  in  the  dialyzer,  then  an  examina- 
tion of  the  water  outside  will  settle  the  question. 

In  practice,  GRAHAM'S  dialyzing  apparatus  is  not  frequently  em- 
ployed, because  it  has  a  small  dialyzing  surface,  and  this  is  a  great 
disadvantage. 

In  order  to  bring  the  largest  possible  surface  into  contact  with 
the  surrounding  water,  there  are  used  either  whole  pig  bladders,  ox 
bladders,  fish  bladders,  or  the  commercial  parchment  thimbles.2 

I  have  had  very  good  results  with  fish  bladders  (condoms)  which 
are  very  thin,  uniform  and  elastic,  though  unfortunately  they  are 
expensive.  Parchment  thimbles,  referred  to  above,  are  recommended 
for  the  dialysis  of  large  quantities  of  solution.  They  may  be  obtained 
in  all  sizes  and  in  all  lengths.  The  suspension  of  a  fish  bladder  is 
conveniently  accomplished  by  pressing  it  between  two  glass  rods 
which  are  held  together  by  rubber  bands  (cut  from  gas  tubing) ;  the 

1  With  organic  solvents,  instead  of  water,  alcohol,  benzol,  etc.,  must  of  course 
be  employed  and  the  membrane  (preferably  collodion)  is  previously  soaked  in 
these  fluids. 

2  These  are  on  sale  at  the  "Vereinigten  Fabrikcn  fur  Laboriitoriums-bodarf " 
Berlin,  Scharnhorst  Str.     (The  Kny  Scherer  Co.,  N.  Y.,  are  the  American  agents.) 
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<rt      A  ~,  t1    ,, 
1<?-  u)-    A  hah  bladder 
(comlom)  dialer. 


glass  rods  aiv  laid  over  a  tall  narrow  beaker,  in  which  the.  water  is 
placed.  Parchment  tubes  are  suspended  in  a  similar  manner.  To 
avoid  tying  OIK*  end  of  the  tube,  it  is  hung  up  in  U-fashkm  so  that 
both  open  ends  are  pressed  together  by  the  glass  rods  (see  Fig.  10). 

I'wtnttitwx:    In  filling  and  hunting  the  parchment  tubes  the  air  muni;  be  en- 
tirely pressed  out  before  fastening  the  ends,  for  should  water  dioiyzc  in,  consider- 
able pressure  will  develop,  which  may  burst  the  mem- 
brane,    All  the  precautions  given  on  page  UO  must,  be 
observed  (tlegrcaxing,  absorption,  etc.). 

Kxecllent  dialysis  membranes  may  be  pre- 
pared of  callwlion  or  ylacial  acetic,  acid-collo- 
dion. Their  great  advantage  is  that  they 
may  be*  prepared  in  any  desired  si/it*,  shape 
and  degree  of  permeability,  and  an*  ea>ily 
sterilized. 

As  an  example,  we  shall  explain  how  to 
make  out*  such  membrane.  A  test  tube  is 
dipped  into  collodion  and  then  allowed  to  drip, 
being  twirled  meanwhile,  and  when  it  \\nxxkinncd 

*>ivr,   the   whole   tube  is   quickly  immersed  in 

'        f  .  .          ,i      4    i  *  •      •  -i 

water.    In  a  short  tune.  the  tube  is  circumcised 

at  a  height  which  will  give  u  membrane  of  the 

desired  length;  with  u  little  practice,  tin*  membrane*  can  be  removed 
from  the  tube  with  ease.  The  membrane  may  be  formed  inside  the 
tube  H!M»  by  rinsing  the  test  tube  with  collodion  or  glacial  acetic. 
collodion  and  then  filling  it  with  water.  In  a  similar  manner,  spher- 
irnl  or  cylindrical  membranes,  of  «$0  to  -10  cm.  long  and  10  cm. 
diameter  may  be  made  (set*  Kig.  11).  Such  sa.cs  may  be  fastened 
to  a  glass  tube  with  thread  or  collodion  so  as  to  form  a  water- 
tight joint.  Tin*  membranes  art1  l>est  preserved  in  water  to 
which  a  lit  tie  chloroform  has  been  added  to  prevent  the  growth  of 
moulds. 

In  making  hU  collodion  sues,  (},  MALFITAXO  '  uses  glass  tubes  of  the 
nlwpe  Mlutwn  in  the*  accompanying  diagram,  which  are  rotated  by  a 
motor  to  NTitiv  uniform  drying.  The  spherical  swelling  affords  an 
r.'i*irr  removal  of  the  rim  (see  Fig.  12),  After  the  cut  is  math* 
Ihnnifjjt  tin'  ruiludiua  skin  at  the  equator  of  the  sphere  (—  >),  it  is 
nifvfttlty  ItMHi'fii'd  from  the  ghiss  and  turned  inside  out  or  the  rim  Is 
f?t>.tt»fti»d  to  a  large  gh»*H  tube  whic*h  in  exhaust  <»df  thus  the  skin  is 
loosened  from  th«*  spherical  porti«»n.  ,1.  I)UCI*MIX  ust»s  vt*ry  thin 
ttilii*^,  ul«*ut  1  cm.  in  iliainetrr  and  1  meter  long,  HO  as  to  get  the 
largest  |x>**tttie  MU'fucp. 

1  AffMiiiiug  tt»  :i    t'tv«nnal 


92 


COLLOIDS  IN  BIOLOGY  AND  MEDICINE 


G.  MALFITANO  and  J.  DUCLAUX  use  their  sacs  chiefly  for  ultrafil- 
tration  though  they  are  equally  useful  for  dialysis.  Biologists  fre- 
quently use  little  reed  sacks  for  dialyzing;  they  are  frail  though 
sterilizable,  but  their  capacity  is  small. 

SCHLEICHER  and  SCHULL  (DUREN)  sell  dialyzing  thimbles.  They 
are  tubular,  closed  at  the  bottom,  moderately  firm,  made  of  parch- 


FIG.  11.    Collodion  sacs.    (A.  Schoef.) 


ment  and,  since  they  maintain  their  form,  they  are  useful  for  certain 
experiments.    They  are  employed  in  the  Abderhalden  test. 

R.  ZSIGMONBY  *3  constructed  a  very  useful  "star  dialyzer." *  The 
hard  rubber  ring  B  (see  Fig.  13)  is  covered  by  a  membrane  (col- 
lodion, parchment  or  the  like)  and  is  placed  on  a  plate  A,  which 
carries  the  star-shaped  support.  Through  the  central  opening  in  the 

1  Obtainable  from  ROBERT  MITTELBACH,  Gottingen. 
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plate,  water  flows  and  bathes  the  extensive  dialyzing  surface  of  the 
dialyzer  A. 

JORDIS  has  constructed  an  apparatus  resembling  a  filter  press  for 
dialyzing  large  quantities,     A  number  of  wooden  rings  are  soaked  in 


FIG.  12.     Tube  for  the  preparation  of 
collodion  sacs.    (G.  Malfitano.) 


FIG.  13.     Star  dialyzer.     (R. 

Zsigmondy.) 


paraffin  and  then  both  surfaces  are  covered  with  parchment.  These 
rings  are  placed  in  an  apparatus  G  so  that  between  each  ring  with 
parchment  there  is  one  without  parchment.  They  are  made  tight 
with  rubber  washers.  The  individual  elements  of  the  filter  are 


Perforation 


Wooden  Ring,  I  cm.  thick          -& 


/D/'a/yu 


*4 


W*  Running  Water 
D*Dialystng  Spaces 

FIG.  13a.    Continuous  dialyzing  apparatus  of  E.  Jordiss. 

Reproduced  from  Zcitechrift  fur  Blectrochemie,  p.  677,  Vol.  VIII,  1902. 

pressed  together  with  wing  nuts  so  that  they  are  water-tight.  The 
solution  to  be  dialyzed  is  placed  in  the  rings  covered  with  parch- 
ment, the  water  in  the  intervening  rings  circulates  through  holes 
made  in  them  for  the  purpose,  see  Fig.  13a. 
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An  excellent  apparatus l  for  continuous  dialysis  which  also  permits 
a  concentration  of  the  dialyzate  has  been  constructed  by  KOPAC- 
ZEWSKI.  He  applies  the  idea  of  the  Soxhlet  extraction  apparatus. 
A  collodion  sac  prepared  as  described  on  page  91  is  placed  in  the  tube 
A  filled  with  water.  The  dialyzate  from  the  collodion  sac  may  be 
removed  either  through  the  cock  C  or  may  pass  either  at  once  or  drop 
by  drop  into  the  vessel  B.  If  B  is  heated,  the  water  vaporizes  and 


Xb- 


KOPA  CZEWSKfS 
APPARATUS 


FIG.  13b. 


FIG.  14.     Dialyzing  filter.     (L.  Morochowetz.) 


passes  into  the  two  condensers  and  drops  again  through  a  and  b  into 
the  tube  containing  the  collodion  sac.  Since  with  biological  fluids 
the  temperature  must  remain  below  50°  C.,  the  heating  is  done  under 
partial  vacuum  (reduced  pressure).  The  tube  is  emptied  through 
the  lateral  outlet  having  a  cock  c.  A  concentrated  dialyzate  is 
finally  obtained  in  the  vessel  B. 

Where  there  is  no  running  water  available  for  dialyzing,  the  didy- 
zing  filter  of  LEO  MOROCHOWETZ  may  be  employed.  Its  arrange- 
ment may  be  seen  in  Fig.  14.  The  funnels  may  be  obtained  from 
any  supply  house  and  the  parchment  filters  from  SCHLEICHER  and 

SCHTTLL   (DijRBN).     • 

1  The  apparatus  may  be  obtained  from  Poulenc  fr&res,  122  Boulevard  St. 
Germain,  Paris,  France. 
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Dialysis  is  considerably  hastened  by  agitating  the  dialyzing  fluid. 
I  have  never  found  it  suggested  that  the  contents  of  the  dialyzer 
should  be  stirred  but  this  is  a  useful  procedure  with  non-foaming 
solutions.  F.  HOFME-ISTER  fastens  all  the  dialyzing  thimbles  to  a 
common  rod  which  he  rocks  up  and 
down  with  a  motor.  R.  KOHLER  places 
fish  bladders  in  wide-mouthed  bottles 
which  he  closes  with  a  rubber  cork  and  a 
rubber  cap,  and  then  places  it  in  a  shak- 
ing machine;  to  prevent  twisting  off  the 
fish  bladder  at  its  neck,  he  inserts  sev- 
eral glass  rods  as  shown  in  Fig.  14a. 


Ultrafiltration. 


RUBBER  CAP 


'..-•RUBBER  STOPPER 


'FISH  BLADDER 


j£tej  ..-GLASS  RODS 


FIG.  14a. 


H.  BECHHOLD  defines  ultrafiltration 
as  filtration  through  jelly  filters.  They 
serve  to  separate  colloid  solutions  from 
crystalloids  and  for  the  separation  of  colloid  mixtures  having  parti- 
cles of  different  size.  If  we  know  the  size  of  the  pores  in  an  ultra- 
filter,  ultrafiltration  affords  information  as  to  the  size  of  the  particles 
in  the  colloid  under  investigation. 

Ultrafilter.  For  ultrafiltration,  sac-like  membranes  may  be  em- 
ployed prepared  as  for  diffusion  experiments  (see  p.  91)  and  mounted 
as  shown  in  Fig.  11. 

A.  SCHOEP  *  increased  the  permeability  of  membranes  by  adding 
glycerin  and  castor  oil  to  the  collodion.  This  is  of  great  importance 
in  filtering  inorganic  colloids. 

This  sort  of  ultrafiltration  is  used  especially  in  France  (G.  MAL- 
FETANO,  J.  DUCLAUX),  but  it  is  of  limited  utility.     Filtration  occurs 
*  very  slowly  (a  few  cubic  centimeters  per  hour)  and  the  filters  can- 
not  withstand   much  pressure,    so   that   their   usefulness   is  very 
limited. 

For  ultrafiltration,  H.  BECHHOLD*4  used  pieces  of  filter  paper  im- 
pregnated with  jellies.  By  means  of  this  paper  support  the  filters 
acquire  great  strength  and  may  at  times  sustain  in  BECHHOLD'S  ultra- 
filtration  apparatus,  pressures  of  20  atmospheres  or  more.  Since 
H.  BECHHOLD  discovered  that  the  premeability  or  tightness  of  the 
ultrafilters  depended  on  the  concentration  of  the  jellies  used  in  pre- 
paring them,  it  is  possible  to  make  filters  with  pores  of  any  desired 
size.  The  filters  may  be  purchased  ready-made.1 

1  Schleicher  and  Schtill,  in  Diiren,  market  Bechhold's  ultrafilters  in  aluminium 
boxes  which  contain  10  niters  filled  with  water  and  sealed  with  a  rubber  ring, 
(diam.  9  cm.).  This  firm  keeps  in  stock  six  kinds,  of  different  porosity. 
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Since  some  may  desire  to  make  the  filters,  brief  direction  for  doing 
so  are  given.1 

The  most  useful  kinds  of  filter  paper  are  No.  566  and  No.  575  of 
SCHLEICHER  and  SCHULL.  These  are  cut  into  discs  of  9  cm.  in 
diameter  and  impregnated  with  the  jellies  under  atmospheric  pres- 
sure in  a  glass  trough  from  which  the  air  has  previously  been  ex- 
hausted, making  a  vacuum.2 

The  square  trough  T  (see  Fig.  15)  has  its  cover  ground  airtight. 
On  the  cross  bar  B  a  number  of  filter  papers  are  suspended.  The 
cover  C  has  two  openings;  through  No.  1  pass  two  tubes,  one  of 
which  leads  to  the  air  pump  A  and  the  other  to  the  pressure  gauge 


FIG.  15.    Trough  for  the  preparation  of  ultrafilters.    (H.  Bechhold.) 

m.  When  the  air  is  exhausted  from  the  trough,  the  fluid  jelly  is  al- 
lowed to  enter  through  the  funnel  F,  which  has  a  cock  and  a  tube 
leading  to  the  bottom,  until  sufficient  is  admitted  to  cover  the  filters. 
Then  the  valve  leading  from  the  funnel  is  closed  and  the  valve 
through  which  the  air  was  exhausted  is  opened  so  that  the  jelly  is 
forced  into  the  filters  under  atmospheric  pressure.  After  a  time 
(with  diluted  jellies  10  to  20  min.  with  concentrated  jellies  one  or 
two  hours)  the  cover  is  taken  off  and  the  rod  with  the  filters  is  re- 
moved from  the  fluids.  While  the  filters  are  draining,  they  are 
constantly  shaken.  Finally  the  whole  filter  is  rapidly  gelatinized  by 
plunging  it  into  a  suitable  fluid.  In  the  case  of  glacial  acetic  acid 

1  Given  in  detail  in  the  original  paper  of  H.  Bechhold.*4 

2  May  be  obtained  from  the  Vereinigten  Fabriken  fur  Laboratoriumsbedarf, 
Berlin. 
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collottion,  water  is  used.  If  gdatin  is  being  used,  the  entire  impreg- 
nation trough  must  bo  placed  in  a  bath  of  lukewarm  water.  Gelatin 
filters  an*  hardened  by  placing  the  filters,  still  moist  and  gelatinized 
in  the  air,  into  a  2  to  4  per  cent,  ice  cold  formaldehyde  solution  and 
keeping  them  for  a  time  in  an  ice  box. 

The  filters,  however  prepared,  are  washed  several  clays  in  running 
watrr  and  preserved  in  water  t-o  which  a  little  chloroform  has  been 
added  to  prevent  the1  growth  of  mould. 

H.  BKCHHOLD  generally  uses  glacial  acetic  acid  collodion,  a  solu- 
tion of  soluble  cotton  in  glacial  acetic,  acid.1  By  diluting  with  glacial 
acetic  acid  the  solution  may  be  reduced  to  the  desired  concentration. 

If  non-aqueous  solutions  (e.g.,  benzol,  ether,  etc.)  are  to  be  ultra- 
filtered,  the  water  must  he  displaced  by  a  series  of  solvents.  (Water 
is  first  displaced  by  acetone1,  the  latter  by  benzol,  and  so  on.) 


Fiu,  UK     Ultrnfiltrr.     (H,  IWhlmld.) 

The  Ultraflltration  Apparatus.  Very  porous  filters  are.  permeable 
under  low  pressure  and  can  be  used  like  any  other  filter.  In  by  far  the 
largest  number  of  cases,  a  pressure  of  from  I  to  20  atmospheres  must 
IK*  exerted  to  obtain  any  filtrate  at  all.  For  this  purpose  !L  BKCU- 
icoLi*  prepared  an  apparatus  which  in  its  simplest  form  is  shown  hi 
1%,  HI1;  1%,  17  is  more  suitable  for  very  high  pressures.  Fig,  1C 
consists  of  n  cylindrical  vessel  //  into  which  is  inserted  the  funnel  T. 
Bctwwn  the  lower  flanges  of  7*  and  //,  the  disc  of  filter  paper  IB 
pressed.  Thin  in  made  tight  by  the  two  rubber  rings  (7,  (L 

To  protect  it  from  being  torn,  the*  filter  lies  on  a  nickel  netting  or 
jwrforatwi  nickeled  plate  N  and  is  further  protected  from  bulging  un- 
der pressure  by  the  plate  /*,  which  has  several  holes  in  it.  The  tipper 
part  of  OH*  funnel  T  in  ground  conically  and  is  closed  by  means  of 

1  Th*«  ('hi'tttirtrhiT  Fubrik  i«if  Aktiwi  (vorw.  Btthcrmg),  Berlin,  proparan  to 
wlfT  mtiutiontf  of  Id  |K*r  mtt  rolbxlitm  atiel  2|  j«»r  cent  potfl«Hiuin  carhonato, 
which  .H|U*W  only  slight.  U'lulniry  to  r«ntrtw*t  wh«*n  they  grl/itintKO. 

1  All  thw  uppttrtittis  is  mamifarturHl  by  the  Vcmninttm  Fabriken  fttr  Laboriir 

t4jriiifiintii;!cliirf ,  llt^liii^  Hc^hitruhowt  Sir. 
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PKIBKAM  and  KIUSCUBAUM  is  the  application  of  compresseul  air  for 

stirring;  the  gas  which  supplies  the*  pressure*  enters  the  bottom  of  the 
vessel  through  a  perforated  spiral  and  thus  agitates  the  fluid.  I 
have  had  no  occasion  to  determine  whether  this  has  any  advantages 
over  the  mechanical  stirrer. 

The  Gauging  of  Ultrafilters.  It  is  import-ant  in  many  cases  to 
have  a  measure  for  the  limits  of  effectiveness  of  ultraf  liters,  as  in 
this  way  we  may  obtain  information  concerning  the  sixe  of  the  par- 
ticles of  the  colloid  under  investigation.  The  following  methods 
given  by  BKCUHOLD  are  suitable*  for  the  purpose: 

I,  Ilt'mtiyltthin    MHlnnl  :     A   1    per   cent   solution   of    hemoglobin 
(hemoglobin  scales,   Merck)  is  prepared  and  the-  filter  is  tested  to 
see  if  it  permits  the  hemoglobin  to  pass  through.     If  the  hemoglobin 
is  returned,   the   filter   is  impermeable   to  most   inorganic,   colloids 
(with  the  exception  of  freshly  prepared  silicic  acid).     The  degree  of 
permeability  of  the  filter  for  hemoglobin  may  be  reeognbed  by  the 
intensity  of  the  red  color  in  the  filtrate*. 

II.  Hwiutou)  IIUH  prepared  the  following  table  of  permeability 
for  ultraf  liters,  which  is  arranged  in  the*  orde»r  of  the*  diminishing 
si  xe  of  the  particles  of  the  colloitls  in  solution,  and  was  obtained  by 
UHiug  tiltnifiltrw  having  different  degrees  of  porosity, 


Prussian  blue,  I  per  cent  hcmogle>bin  solution, 

Platinum-He>l(  Btuawt,  moh'cular  weight  c.  10,000. 

Ferric  oxid  hyelrosol.  Serum,      albumin,      nmlccular 

(Win,  in  milk,  weight   5000   to    15,000. 

Arwtiie  sulphiel  hydronol.  Diphtheria  toxin. 

{  told      Holuf  ion,      55rtiOMONi>Y,  ProtalburnoseH. 

No.  4,  e,  40  ptft.  Colloidal  silicic  acid. 

HtMinon,  colloidal  binmuth  oxiel,  Lysulbtnic  aciel. 

I*A,\t*.  Deutero  albumoncH  A. 

,  colloidal  silver,  PAAI*.  Dtnitero  ulhumoMtw  /I,  moL  vvt. 

,    silvor,    v.  HKYDKN,  r.  2400, 

20  pp.  Deufero  albumoseH  (7. 

C  iold,     Hihttion,     ZSKJMONDY,  Litmun. 

No.  0,  r.  I   -I  M.  Dextrin,  mol  wt  e.  905. 

I  per  rent  gelatin  solutiem.  CrijxtdUoidx. 

2.    Air   TrntiHirinttitm    Mcthw}.1  This   me»thoel    affords   upproxi- 
itiiitely  iibNoIttfi*  values  for  the  hiryrxt  pores  of  an  ultrafilter.     It.,  is 

biwd  on  flu*  following  principle,  In  order  to  force  air  through  a 
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L  is  the  length  of  the*  (Capillaries  (i.e.,  not  smaller  than  the  thick- 
ness of  the  wet  filter). 

A-  is  a  constant  factor  dependent  on  temperature  and  kind  of  fluid. 
The*  following  formula  applies: 


If  all  the  experiments  are  performed  under  the  same  conditions, 

the  formula  may  he  simplified,  hecause  .      '   M  becomes  a  constant. 

A*  •  iS  •  /' 

For  the  practical  performance  of  this  experiment  two  persons  are 
required,  one*  of  whom  regulates  the  pressure*,  while  the  other  de- 
termines the  amount  of  water  filtered  over  a  certain  time,  fixed  by 
means  of  a  stop  watch. 

Under  the  apparatus  is  placed  a  funnel  which  has  a  rubber  tube 
with  a  pinch-cock  attached. 

The  ultrafiltration  apparatus  is  filled  with  water,  and  the  air  pres- 
sure is  raised  to  a  given  point.  The  pinch-cock  is  then  (dosed  so 
that  all  the  water  filtering  at  a  constant  pressure  is  caught  in  the 
funnel.  After  a  given  time  (e.y.t  one  minute)  lias  elapsed,  the  entire 
pressure  is  instantly  released.  In  this  way  the  amount  of  water 
filtered  through  a  given  filter  in  a  given  time  is  measured.  If  we 
have  previously  performed  the  same  experiment  with  a  filter  paper 
which  has  pores  of  known  size,  one  which,  for  instance*,  even  par- 
tially retains  blood  corpuscles  or  bacteria,  />.,  objects  which  are 
measurable  microscopically,  by  means  of  the  above*  formula,  wo 
can  estimate  the  average*  siste  of  the  port's  of  the  ultralilter. 

With  this  method  ultrafilters  which  just  held  back  hemoglobin 
nhowed  the  average  diameter  of  their  pores  to  be  from  ,'W  to  36  /*/x. 

4,   Mvthntl  uf  Kmulxion  Filtration,  described  on  pp.  15  and  10. 

Adsorption  by  Filters,  In  ultrafiltration  experiments,  it  is 
necessary  to  avoid  errors  due  to  adsorption  on  the  part  of  the  filter. 
Accordingly,  iw  a  preliminary  experiment,  it  is  advisable  to  shake  a 
jnirtion  of  the  solution  with  a  shredded  filter.  If  the  content  of 
the  solution  is  practically  the  name*  nfrte  as  before  the  shak- 
ing, there  has  been  no  adsorption.  If  the  adsorption  introduces  an 
error  into  the*  ultrafiltration  experiment,  it  is  necessary  to  use  a  dif- 
ferent jelly.  For  instanee,  araehnolysin  is  very  strongly  adsorbed 
by  glacial  acetic  acid-collodion,  but  only  slightly  by  formol- 


lit  nit  rafilf  rat  ion  experiments  it  is  always  important  to  work 
quantitatively  and  to  test  what  remains  in  the  filter  an  well  as  the 
filtrate  obtained, 


102  COLLOIDS  IN  BIOLOGY  AND  MEDICINE 

P?.  A.  KOBER  has  devised  a  new  and  valuable  form  cf  ultrafilter 
based  on  the  principle  of  selective  dialysis  through  collodion  and 
evaporation  of  the  dialysate  (per-vaporation).  See  Jour.  Am.  Chem. 
Soc.,  Vol.  XL,  No.  8,  PO  1226,  et  seq.  Tr.] 

Applications  of  Ultrafiltration.  Ultrafiltration  as  previously  men- 
tioned serves  to  separate  colloids  from  crystalloids.  It  can  fre- 
quently replace  dialysis,  having  the  advantage  of  rapidity  and 
permitting  separation  without  the  unavoidably  great  dilution  of  the 
dialysate. 

For  this  purpose  it  has  been  used  for  the  separation  of  globulin 
from  the  electrolytes  holding  it  in  solution,  and  the  products  of  the 
digestion  of  casein  by  pancreatin  (H.  BECHHOLD  *4). 

The  most  important  recent  applications  of  Ultrafiltration  are,  the 
separation  of  colloids  with  particles  of  different  sizes  (fractional  ul- 
trafiltration) ,  and  the  determination  of  the  colloid  or  crystalloid 
nature  of  doubtful  substances.  We  refer  here  to  the  separation  of 
various  albumoses  by  H.  BECHHOLD,*4  the  researches  concerning 
the  nature  of  starch  solutions  by  E.  FOUARD,*  and  those  concerning 
diastase  by  PRIBRAM,  and  the  experiment  to  explain  fermentations 
in  the  absence  of  cells  by  A.  VON  LEBEDEW,*  the  researches  of  GROS- 
SER on  milk  (see  pp.  174  and  350),  the  studies  of  KIRSCHBAUM  on 
dysentery  toxin  which  are  still  unpublished,  as  well  as  those  of  H. 
BECHHOLD  on  the  separation  of  diphtheria  toxin  from  toxon.  By 
Ultrafiltration,  GROSSER  was  able  to  distinguish  boiled  from  unboiled 
milk  (see  p.  174). 

Ultrafiltration  is  of  especial  importance  in  the  study  of  equilibrium 
in  solutions,  because  in  this  method  there  is  no  change  in  the  balance 
of  crystalloid  and  colloid  portions  through  the  dilution  of  the  solu- 
tion. It  is  assumed  that  only  small  quantities  are  filtered,  that  the 
differential  is  in  some  way  ascertained  so  that  no  changes  in  concen- 
tration occur;  and  that  only  moderate  pressures  are  used  in  the 
case  of  solutions  containing  electrolytes  (see  p.  59).  The  numerous 
researches  on  iron  oxid  hydrosol  by  J.  DUCLATJX  and  G.  MALFITANO 
depend  on  this,  as  does  the  work  of  R.  BuRiAN*1  on  salt-albumin 
mixtures. 

Ultrafiltration  has  been  variously  employed  for  the  solution  of 
purely  biological  questions.  R.  BuRiAN*2  has  employed  it  in  study- 
ing the  function  of  the  kidney  glomeruli,  and  H.  BECHHOLD*?  in  the 
question  of  "internal  antisepsis." 

Finally,  it  must  be  mentioned,  that  by  Ultrafiltration  germ-free 
fluids  may  be  obtained,  as  well  as  optically  pure  water  suitable  for 
ultramicroscopic  experiments  (H.  BECHHOLD *4) .  New  paths  have 
been  opened  to  the  study  of  filterable  infectious  agents  by  ultra- 
filtration  (VON  BETEGH)  . 
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Diffusion. 

Coefficients  of  diffusion  give  information  concerning  the  molecular 
weight  and  also  the  size  of  the  particles  of  a  substance  in  solution. 
Diffusion  in  aqueous  solution  is  the  simplest  method  for  such  investi- 
gations. The  length  of  time  necessary  for  such  experiments  intro- 
duces so  many  disturbing  factors  that,  where  possible,  diffusion  in 
a  jelly  is  to  be  preferred.  A  jelly  offers  a  means  of  separating  sub- 
stances having  different  rates  of  diffusion.  If  a  mixture  of  two  sub- 
stances remain  for  a  time  in  a  tube  partly  filled  with  a  jelly,  the  more 
difficultly  diffusible  substance  will,  for  the  most 
part,  remain  in  solution  and  can  be  poured  off, 
whereas  the  substance  easily  diffusible  will  to  a 
greater  extent  enter  the  deeper  layers  of  the  jelly. 
Diffusion  experiments  in  jellies  teach  us  the  prop- 
erties of  jellies  swollen  to  various  degrees,  both  in 
the  presence  of  crystalloids  and  in  their  absence. 

Diffusion  in  Aqueous  Solution.  The  greatest 
difficulty  lies  in  avoiding  agitation  not  only  when 
samples  are  being  taken  but  also  during  the  course 
of  the  experiments.  The  most  suitable  apparatus 
is  that  of  L.  W.  OHOLM*  (see  Fig.  20),  with  which 
HERZOG  made  his  experiments,  and  that  of 
DABROWSKI.  The  latter  (see  Fig.  21a)  consists  of 
two  glass  vessels  A  and  B  (a  siphon  bottle  which 
has  been  divided  in  the  middle)  which  are  separated 
by  a  diaphragm  C.  This  diaphragm  is  a  glass  ring 
filled  with  glass  capillary  tubes  of  1  mm.  bore. 
The  interspaces  are  filled  with  celluloid. 

By  this  arrangement  currents  are  avoided  and 
a  very  considerable  diffusion  surface  is  obtained. 
The  solution  is  placed  in  A  and  diffuses  through  C  and  reaches 
B  from  which  samples  for  analysis  are  taken  from  time  to  time 
through  the  tube  F.  The  fluid  in  A  as  well  as  in  B  is  slowly  stirred 
by  the  stirrer  dbd.  We  shall  return  to  the  consideration  of 
DABROWSKI' s  experiments  on  the  diffusion  of  albumin  with  this 
apparatus  on  p.  72. 

In  the  extremely  slow  diffusion  of  colloids,  which  in  the  case  of 
the  experiments  of  R.  0.  HERZOG  extended  over  more  than  two 
months,  absolute  sterility  is  essential.  Besides  having  sterile  vessels, 
the  solutions  are  also  sterilized  by  saturating  them  with  toluol  and 
layering  it  over  them.  The  addition  of  1/2  per  cent  sodium  fluorid 
solution  is  useful  also.  As  previously  mentioned,  the  vessels  must 


FIG.  20.  Diffu- 
sion apparatus. 
(L.  W.  Oholm.) 


104  COLLOIDS  IN  BIOLOGY  AND  MEDICINE 

stand  in  a  perfectly  quiet  place;  instead  of  portable  water  baths, 
incubators  should  be  used,  or  if  these  are  not  placed  so  as  to  be 
free  from  vibration,  the  experiments  are  kept  by  preference  in  a 
cellar. 

These  diffusion  experiments  are  extremely  difficult,  but  may  yield 
absolutely  perfect  results,  as  has  been  shown  by  the  researches  of 
R.  O.  HERZOG  and  H.  KASAKNOWSKI.*  These  investigators  de- 
termined the  diffusion  coefficients  for  albumin  and  a  number  of 
enzymes  (see  p.  54  and  p.  190),  from  which  it  could  be  determined 
that  they  were  simple  substances.  On  the  other  hand  it  could  be 
shown  that  clupei'n  sulphate,  trypsin  and  pancreatin  were  mixtures 
of  different  substances.  Some  of  them  showed  various  diffusion 
layers  of  dissimilar  composition  (various  percentages  of  N,  in  clupein), 
and  with  other  mixtures,  products  of  different  origin  showed  different 
coefficients  of  diffusion  (trypsin,  pancreatin). 

Diffusion  in  a  Jelly.  A  jelly  acts  like  a  membrane.  It  has  the 
advantage  over  a  membrane  that  its  thickness  may  be  varied  at 
will,  but  the  disadvantage  that  it  is  usually  impossible  to  obtain  the 
diffused  substance  in  pure  form  so  that  the  diffused  substance  must 
be  examined  in  association  with  the  jelly.  Union  or  adsorption 
between  the  jelly  and  the  substance  under  examination  is  a  more 
disturbing  factor  than  in  the  case  of  a  membrane.  Diffusion  in  a 
jelly  has  the  great  advantage  over  the  diffusion  in  fluids,  above  de- 
scribed, that  it  is  not  disturbed  by  currents  or  the  almost  unavoidable 
shaking  during  the  experiment,  or  while  samples  are  being  taken. 

The  experiments  are  generally  performed  as  follows:  A  test  tube  is 
filled  one  third  to  one  half  full  with  a  very  dilute  jelly  (2  to  5  per  cent 
gelatin).  After  the  jelly  solidifies,  the  solution  to  be  investigated  is 
poured  upon  it,  and  the  test  tube  is  placed  in  an  ice  box.  After  a 
longer  or  shorter  time  (days,  weeks,  months)  some  of  the  substance 
will  have  diffused  into  the  jelly.  The  supernatant  fluid  is  now  poured 
from  the  jelly,  which  is  washed  with  a  suitable  fluid,  water,  physio- 
logical salt  solution  or  the  like.  The  jelly  is  now  examined  to  deter- 
mine the  course  of  diffusion,  taking  the  elapsed  time  into  consideration. 
Gelatin  and  agar  are  used  as  jellies.  In  many  cases,  inspection  shows 
the  extent  to  which  the  fluid  has  diffused  into  the  jelly  (e.g.,  with  dye- 
stuffs,  indicators  or  precipitation  reactions,  the  results  may  be  seen). 
For  example,  gelatin  which  has  been  mixed  with  red  blood  corpuscles 
may  have  tetanolysin  layered  above  it.  By  the  extent  of  the  hemo- 
lysis  it  is  determined  how  far  the  tetanolysin  has  penetrated.  H. 
BECHHOLD*2  mixed  a  jelly  with  goat-rabbit  serum  and  layered  above 
it  a  solution  of  goat  serum.  The  appearance  of  a  white  ring  showed 
the  distance  that  the  precipitin  had  penetrated. 
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*:  For  these  experiments  there  Hhould  be  utilized  only  absolutely  pure 
gelatin  or  jigar  which  has  been  dialyzed  at  least  two  or,  preferably,  four  or  Uve  days 
in  cold  running  water.  Commercial  gelatin  always  contains,  besides  certain  other 
impurities,  sulphurous  acid  which  in  used  OH  a  bleach  in  its  manufacture,  and  as  a 
result  the  gelatin  reacts  acid  to  litmus.  It  may  bo  completely  freed  from  the 
neid  by  neutralisation  with  NaOli  followed  by  Huiiiciently  prolonged  dialyzation 
in  running  water.  The  dried  gelatin  in  weighed,  wrapped  in  linen  or  mull  and 
placed  in  a  trough  of  running  water.  After  purification  the  swollen  gelatin  in 
very  carefully  removed  from  the,  cloth  and  weighed  to  see  how  much  water  it  has 
taken  up.  By  the  addition  of,  or  the.  evaporation  of  water,  the  jolly  is  brought 
to  the  desired  concentration  and  filtered  through  a  jacketed  filter.  Thus  in 
tiHtmtiy  ii.  Huflicicntly  accurate  method.  For  absolutely  exact  investigation,  a 
mwiHurcd  quantity  of  the  moist  gelatin  must  bo  weighed  before  and  after  it  has 
been  dried  at  105"  (!.  If  working  with  other  than  pure,  aqueous  solutions,  such 
iw  with  Huhstaurtw  which  require  physiological  salt  solution  to  dissolve  thorn, 
the  gelatin  or  agar  must  contain  the.  required  amount  of  salt,  if,  for  instance,  tho 
diffusion  of  globulin  solution  in  deniml.  Since  diffusion  experiments  with  col- 
loidt*  alwayn  extend  over  a  considerable)  time,  tho  tost  tubes  must  bo  dosed  with 
paraffined  corks  or  rubber  stoppers. 

In  such  oases  quantitative  measurements  may  bo  made  with  a 
ruh*r,  by  placing  tho  xoro  at  the  meniscus  of  th<»  jolly  or  by  moans 
of  cathotomotor.  Tubes  with  an  ongrav<v(l  scale  as  arranged  by 


FKI,  21,    Diffusion  tube.  FKJ,  21a.    Pabrowski's 

duTusion  apparatus. 

HKIM*  (nee  Fig.  21)  are  convenient.  Tho  graduated 
tube  y  filled  with  jolly  and  the  solution  is  poured  into  the1  extensions 
which  are  ground  on  water  tight.  For  accurate  measurements  tho 
mime  rules  are  used  an  in  similar  physical  measurements. 

If  the  diffusion  into  the  jelly  is  not  associated  with  a  visible  change, 
the  jelly  is  removed  from  the  glass  by  placing  it  in  hot  water  until 
the  periphery  molts,  HO  that  tho  cylinder  of  jelly  may  bo  gently 
inched  out  of  the  tube.  The  jelly  cylinder  is  then  cut.  info  layers 
of  measured  thickness  which  art*  studied  by  chemical,  biological  or 
fiftifftfil  experiments  its  to  their  content  of  diffused  substance.  In 
this  way  Sv.  AUKHHNU'S*  and  Tu.  MADSKN  have  determined  tho 
diffusion  constant*  <»f  diphtheria  toxin  and  antitoxin  and  of  tetanoly- 
wn  und 
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feature  consists  of  a  collodion  membrane  (see  Fig.  22)  protected  by 
a  platinum  wire  netting.  In  the  case  of  dextrins  which  lie  on  the 
border  line  between  colloids  and  crystalloids,  W.  BILTZ  decreased  the 
permeability  of  the  membrane  by  adding  cupric  ferrocyanid.  He 
filled  the  collodion  sac  with  1  per  cent  potassium  ferrocyanid  solution 
and  placed  it  in  1  per  cent  copper  sulphate  solution.  After  twenty- 
four  hours  he  washed  the  sac  for  twenty-four  hours  in  running  water. 
The  method  of  procedure  recommended  by  FOUARD,  impregnation 
with  tannin  and  gelatin  and  subsequent  tanning  with  sublimate;  has 
not  proven  effective,  according  to  BILTZ.  Above  the  collodion  mem- 
brane is  a  glass  cap  with  a  vertical  tube.  The  union  of  netting  and 
cap  is  at  b.  The  fluid  is  mixed  by  an  electromagnetic  stirrer  c.  The 
electrodes  d  permit  the  measurement  of  the  conductivity.  The  entire 
instrument  is  placed  in  a  thermostat.  Readings  of  the  rise  in  the 
tube  are  made  with  a  cathetometer. 

Osmotic  Compensation  Method 

This  method  determines  whether  crystalloids  present  in  a  colloidal 
solution  are  free  or  in  any  way  bound,  e.g.,  adsorbed.  L.  MICHAELIS 
and  P.  RoNA*2  have  developed  this  method  in  their  attempt  to  solve 
the  question  whether  the  grape  sugar,  always  present  in  the  blood 
and  which,  strange  to  say,  does  not  pass  through  the  kidney,  is  free 
or  bound  in  any  way.  For  this  purpose  we  place  the  fluid  to  be  in- 
vestigated (in  this  instance  blood)  in  a  fish  bladder  and  suspend  it 
in  a  glass  cylinder  containing  an  isotonic  fluid  (in  this  case  water 
with  0.95  per  cent  NaCl).  To  the  surrounding  fluid,  in  a  series  of 
experiments,  there  is  added  varying  quantities  of  the  crystalloids  in 
question.  In  this  instance  sugar  is  added ;  we  shall  continue  to  describe 
the  above  experiment  as  an  example.  If  more  sugar  has  been  added 
than  is  present  in  the  blood  it  will  diffuse  into  the  blood;  the  sugar 
content  of  the  surrounding  fluid  will  decrease.  If  very  little  or  no 
sugar  is  added,  the  sugar  will  diffuse  from  the  blood  into  the  sur- 
rounding fluid.  This  will  occur  whether  the  sugars  in  the  blood  are 
free,  osmotically  active  or  even  if  a  portion  is  adsorbed.  In  the 
latter  case  the  free  sugar  will  at  first  diffuse  away  so  that  the  balance 
between  the  adsorbed  and  the  free  sugar  is  disturbed;  previously 
adsorbed  sugar  may  become  free  and  likewise  diffuse  away.  The 
sugar  content  of  the  outer  fluid  remains  constant,  only  if  it  accu- 
rately expresses  the  free  sugar  content  of  the  blood.  If  the  total 
sugar  has  been  determined  previously,  we  may  calculate  what  per- 
centage is  adsorbed  or  otherwise  bound,  and  what  proportion  is 
free  or  osmotically  active.  With  this  method,  L.  MICHAELIS  and 
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P.  RONA  determined  thai  the  entire  sugar  in  the  blond  serum  is  in 
free  solution.  In  analogous  ways  these  authors  investigated  tin* 
conditions  of  union  between  calcium  and  the  casein  nf  milk. 

Surface  Tension. 

Because  of  its  sensitiveness,  the  measurement  nf  .surface  tenninn 
is  of  the  greatest  significance  for  colloid  investigation,  AH  far  as  | 
know  at  present,  there  is  no  CHS**  in  which  the  mruMU'etnent  nf  the.se 
factors  has  led  to  the  solution  of  any  problem.  Thi*  is  due  i«» 
the  fact-  that  even  truces  of  other  substances,  especially  colloidal  #ub- 
stances,  markedly  influence  the  surface  tension  localise  they  are  fnrced 
to  the*  interfaces.  According  to  J.  TuAno*:,  ffgt*I3  in  a  dilution  nf 
out*  in  three  million  may  IH»  detected  in  dye  solutions.  Fur  this  ream  in, 
measurements  of  surface  tension  ure  excessively  *en?*itive  and  HIV 
subject  to  certain  errors. 

Then1  are  two  essentially  different  group*  of  method^:    mi  ^n/jr. 

(a)  Static  Sfcthiitlx  (flit*  rise  of  u  in  n  rapillury;  the  def- 

ormation of  an  air  bubbtt*  in  n  fluid ^  *hnw  HM-  mnditinn  »»f  lip*  de- 
velojM'd  .surface,  (/*)  /)i/iwnniV  mrthwtx  ^\\n*  weight  »»r  nmniier  nf 
fulling  drops;  the  pressure  necessary  to  f«»r»¥e  nir  thr«»ii^.h  n  rapilhiry 
dipped  in  a  fluid)  show  the  condition  nf  n  ita,*tvut  *.*t»rfzi*-«-. 

Thc*se  two  int^hiMlH,  es|HTmUy  w-ith  niHi*idi,  ^.i\-«-  ftmdutttentnliv 
difTen*nt  values  lM*cntise  the  interior  «*f  a  !ni,'«  a  \*-rv  dilTrrt-nt 

composition  from  the  nurfnrr,  n  cn$iMid«'i'jibl«-  tim«-  nhinv^  eht| *>***•* 
bc*fore  the  surface  has  jisstuneil  it-n  nitrmal  proji«-rtir\. 

AH  yet,  l*eetit!He  thry  »r*«  ffit4  In  prrfnnu,  only  fit*-  rapilb'irv 

ancc^nt  and  the  fulling  drop  tiirifiiMS^  !mvi<  l«-en  fm*  bininnirni 

Htudien. 

The*  meumuemeiit  of  the  height  u"i>  i«d«-  •  it.  til1*  r  if  \»-»  A^I^L  h  * 

cm  ulkuloidn,  d\e<«tiiiTv' and  other  oi|i;  iti)»*  Mii  ^  *  ?  <  •  !»**•;  ?  «)*!.!«  1 
u  dynumi<%  rather  than  n '<t at ie  UM  it  »*ri  jn  »  n«  MJ  i»*^*»  ^  ,  it  *iii 
with  the uHc*ent  aiui  t*\*ipnntinn,  n>  4%  #i»  A.  *  ^  t»i  «  ?,  >4ji ,  |  »:%^  | 

Filter  pit]M»r  nf?rr;4  ;i  \in  n^iil  n/*'*h»»«'  IM?  d«''j  >i   4    i*«-i    j,it!MM  • 
ThuH,  it  shows  \vhvalcoht4ic  "nhifjMjrs  uid   nip  t><<, »  j^     -  nO4« »  *L?J» 


t<)  BKf'l!IfflI4>J  ^M't*  ji,    till  ) 


l*iiy.««i-C  It*  tiiiH'irn   \|iv  »ni4M*.j4     J,»,ji., 
ii<*rff'M  Aiut.ilf*u  *!.  Iln  ^1*.  139,  1   vi    j  t/ti 

?  Kiilliii*!  Kn!  ,  V«!    I,  jtj*.  II,  »i|,  i-if 
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J.  TRATJBE  has  used  the  falling  drop  method  with  his  stalagmom- 
eter  for  numerous  researches.  M.  ASCOLI  has  likewise  used  it  in  his 
meiostagmin  reaction  in  cancer.  [CLOWES  employed  it  in  his  studies. 
See  pi  39.  Tr.] 

A  given  quantity  of  fluid  volume  is  sucked  up  into  the  stalagmom- 
eter  tube  and  the  number  of  drops  required  to  empty  it,  dropping  it 
drop  by  drop,  are  counted. 

The  stalagmometer  is  an.  instrument  which  requires  most  careful  manipulation 
to  obtain  reliable  results.  It  is  especially  important  to  keep  it  scrupulously 
clean,  rinsing  frequently  with  distilled  water  followed  by  hot  potassium  hydrate 
solution.  The  apparatus  is  then  placed  over  night  in  a  hot  mixture  of  concen- 
trated sulphuric  acid  and  potassium  bichromate.  Before  use  it  is  again  thor- 
oughly rinsed  with  distilled  water.  The  dropping  surface  must  be  absolutely 
horizontal;  this  is  accomplished  by  placing  it  on  a  stand  which  can  be  adjusted 
in  all  directions.  There  must  be  no  bubbles  on  the  dropping  surface  or  in  the 
tubes.  Before  each  initial  measurement  the  fluid  to  be  measured  must  be  sucked 
up  and  allowed  to  flow  out  again.  The  number  of  drops  of  the  fluid  is  com- 
pared with  the  number  of  the  same  volume  of  water.  The  speed  of  flow  is  so 
gauged  that  no  more  than  20  drops  fall  in  a  minute.  This  is  best  regulated  by  a 
screw  clamp  on  a  rubber  tube  slipped  over  the  upper  end  of  the  instrument. 

J.  L.  R.  MORGAN  has  devised  a  splendid  apparatus  for  determining 
the  weight  of  falling  drops  and  with  it  he  has  measured  the  surface 
tension  of  many  substances. 

There  are,  however,  valuable  contributions  to  the  utilization  of 
surface  tension  (milk  investigations  by  H.  ZANGGER;  meiostagmin 
reaction  of  M.  ASCOLI). 

The  separation  of  colloids  and  crystalloids  "by  foaming  as  well  as  the 
separation  of  colloids  of  different  surface  tension  is  described  on 
page  35. 

Adsorption. 

Adsorption  experiments  may  be  employed  for  various  purposes. 
They  may  be  used  to  determine  the  distribution  of  a  dissolved  col- 
loid between  solvent  and  adsorbent,  thus  constituting  the  determi- 
nation of  a  physical  constant.  In  such  a  case  an  absolutely  chemically 
indifferent  substance,  e.g.,  charcoal,  is  chosen  as  absorbent.  Ad- 
sorption presents  a  suitable  means  of  determining  the  nature  of  the 
electric  charge  of  a  dissolved  colloid.  Positively  charged  colloids 
are  adsorbed  particularly  strongly  by  electronegative  suspensions 
(e.g.,  kaolin,  mastic  suspensions);  negatively  charged  colloids  are 
strongly  adsorbed  by  positive  suspensions  (e.g.,  iron  oxid,  clay). 
Occasionally  it  is  of  interest  to  determine  the  properties  of  a  gel 
when  it  is  used  as  an  adsorbent. 

If  in  all  cases  there  occurred  pure  adsorption,  whereby  a  dissolved 
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substance  is  taken  up  by  a  solid  one  with  which  it  is  shaken,  the 
accurate  determination  of  adsorption  constants  would  be  of  the 
greatest  value.  They  would  then  be  natural  constants  of  the  same 
class  as  the  boiling  points,  melting  points,  etc.,  which  definitely  deter- 
mine the  nature  of  the  substances  under  examination.  Unfortunately 
this  is  not  the  case.  Chemical  phenomena  and  unexplained  factors 
complicate  the  pure  adsorption  phenomena,  so  that  at  present,  in 
biological  questions,  it  is  only  of  value  to  determine  whether  ad- 
sorption is  the  predominating  force.  Investigations  in  this  field 
are  of  great  importance.  Before  the  advent  of  physical  chemistry 
and  even  now,  in  biological  chemistry,  it  was  usual  to  search  for 
"  pure  "  substances,  and  to  illustrate  a  phenomenon  by  a  chemical 
equation.  Adsorption  experiments  have  frequently  made  it  clear 
to  us  that  in  a  given  case  such  chemical  equations  do  not  and 
could  not  exist.  The  studies  of  H.  WISLICENUS  on  lignin  (see  p. 
248),  and  on  the  dyeing  process  by  W.  BILTZ  and  H.  FBEUNDLICH, 
are  selected  from  among  many  other  classical  examples. 

Adsorption  experiments  for  determining  distribution  are  performed 
by  shaking  equal  quantities  by  weight,  of  the  most  indifferent  solid 
substance  obtainable  or  a  gel  (charcoal,  cellulose)  with  various  dilu- 
tions of  the  dissolved  substance.  The  amount  of  the  substance  ad- 
sorbed is  usually  ascertained  from  the  solution.  It  is  first  determined 
how  much  active  substance  is  contained  in  a  unit  volume  of  the 
solution,  which  is  then  examined  to  see  how  much  has  been  removed 
by  the  adsorbent;  the  difference  gives  the  quantity  adsorbed.  Thus 
H.  WISLICENUS  determined  the  total  solids  in  the  cambial  sap  of  the 
beech,  before  and  after  shaking  it  with  cellulose,  and  found  by  taking 
the  difference  in  weight  the  amount  of  colloid  that  was  adsorbed. 

In  individual  instances  the  quantity  adsorbed  was  determined 
from  the  adsorbent.  B.  WV  Roux  and  YERSIN  treated  diphtheria 
toxin  with  freshly  precipitated  calcium  phosphate ;  they  then  washed 
the  calcium  phosphate  well  and  injected  it  into  guinea  pigs.  A  de- 
termination by  means  of  the  adsorbent  instead  of  the  fluid  I  con- 
sider erroneous  in  principle,  because  it  has  been  shown  repeatedly, 
in  well-controlled  experiments,  that  the  adsorbed  substance  under- 
goes changes  at  the  surface  of  the  adsorbent. 

The  fact  that  a  portion  of  the  dissolved  substance  is  removed  from 
the  fluid  by  a  solid  substance  with  a  large  surface  does  not  prove 
that  adsorption  has  taken  place.  If,  for  example,  1  gm.  cellulose 
always  removes  from  a  solution  the  absolutely  identical  quantity  of 
the  dissolved  substance,  irrespective  of  the  concentration  of  the 
solution,  we  would  in  all  probability  be  dealing  with  a  chemical  phe- 
nomenon. If  the  proportion  between  the  adsorbed  substance  and 
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the  amount  still  in  solution  remains  constant  over  various  dilutions, 
we  may  assume  that,  the  cellulose  forms  a  solid  solution  with  the  sub- 
stance in  question.  Adsorption  probably  exists  only  if  the  cellulose 
takes  up  almost  every  thing  from  a  very  dilute  solution  and  it  the 
absorbing  power  of  the  cellulose  is  markedly  decreased  with  increased 
concentration  of  the  solution;  this  condition  is  frequently  observed 
with  dye  solutions.  Thus  we  may  make*  shaking  experiments  with 
solutions  of  the  concentration,  O.I,  0.2,  O.H,  etc.,  in  which  0.1  denotes 
any  arbitrary  standard. 

It  must  be  determined  first  whether  an  equilibrium  exists  at  all. 
For  this  purpose  a  given  quantity  of  adsorbent  is  shaken  with  the, 
solution,  for  example,  with  100  c.c.  In  a  second  experiment  an 
equal  quantity  of  adsorbent  is  shaken  with  half  the  quantity,  50  c.c. 
of  a  solution  twice  the  strength.  It  is  then  diluted  to  100  c.c.  and 
shaken  again  until  an  equilibrium  is  reached.  If  then*  is  an  equilib- 
rium, the  final  concentration  of  the  solution  in  the*  first  case  is  tho 
name  us  in  the  second.  If  there  an*  material  differences,  the  process 
may  nevertheless  be  considered  an  adsorption,  but  it  is  complicated 
by  other  phenomena  as  explained  on  page  27  ct  m/, 

If  it-  is  unnecessary  to  determine  constants,  the  simplest  proce- 
dure is  to  chart  the  values  found  on  a  rectangular  system  of  co- 
ordinates (millimeter  paper).  As  ordinate  is  taken  the  amount  of 
the  material  that  is  being  investigated  which  is  taken  up  by  I  gnu 
of  adsorbent  (cellulose,  charcoal  or  the  like);  as  the  abscissa,  tho 
amount  which  remains  in  solution  after  the  adsorption;  so  that  tho 
curve  shows  the*  ratio  between  the  amount  of  substance  in  the  solu- 
tion and  the  amount  that  in  adsorbed.  It  is  easy  to  determine  from 
the  characteristic  form  of  the  curve  whether  an  adsorption  has  oc- 
curred. (See  p.  22.) 

The  determination  of  adsorption  curves  and  constants  is  explained 
in  detail  on  page*  22  rl  m/. 


If.  Is  of  fcroatoHt  importance  that  tho  atlnorhent  he  alwolutely  pure.  Many  in- 
vojitigatorx  have  failed  in  this  and  many  contradictory  results  may  ho  attributed 
to  it.  Tho  adnorbentH  are  trotited  with  acids,  alkalies,  alcohol,  ot.hor  and  benzol 
wrortUnft  mi  thoir  nature  permits  (charcoal,  diatomaceoiiH  earth  or  kiesolguhr, 
fibrin,  otr.),  lu  viow  of  tho  fart  that  those  suhstancoH  arc  themselves  more  or 
Ion*  udMorhoti,  it  is  noeossary  to  remove  them  by  prolonged  constant  treatment 
with  largo  quant  it  ion  of  tho  dispersing  substance,  unually  wator. 

Although  Irw/irni/tiri"  and  thnr  do  not  play  iw  important  a  rolo  as  In  other 
pStyMico-choimcal  j»ro<*oH}*oH  it  in  important  to  koop  tompcTaturo  and  timo  <«>n- 
ntant.  lit  iipwt  rojw»H  tho  adnorptitm  balance*  JM  roac'lunl  in  ahottt  om.vhalf  hour 
HO  tliiif  it  w  always*  fairly  «afo  to  allow  an  hour. 

It  i.i4  umiii!  to  i*hakc  tho  adsorht*ttt  with  tho  Kolution,  hut  it  inuHt  not  bo  ovor~ 
Jiwikril  flint  thoro  nrt*  mihHtanot*H  wluoh  art*  trhangod  by  the*  more  nhaking  (BOH 
Ittaotwatittn  by  Shnkiiig»  p.  34). 
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A  second  disadvantage  of  the  shaking  is  that  the  adsorbent  is  thereby  still 
further  broken  up  and  its  surface  thus  permanently  increased.  When  large 
quantities  of  colloid  are  in  solution,  there  is  a  counterbalancing  error  in  that  the 
adsorbent  becomes  coated  with  a  layer  of  colloid  which  thus  diminishes  the  ac- 
tive surface.  Though  these  errors  are  small  in  the  case  of  adsorbed  crystalloids, 
in  the  case  of  true  colloids  they  become  quite  considerable.  To  eliminate  these 
two  disadvantages,  H.  WISLICENTTS  and  W.  MUTH*  have  developed  a  method 
which  they  call  the  siphon  (or  filter)  process.  In  this  method  a  solution  of  con- 
stant strength  comes  repeatedly  in  contact 
with  the  adsorbent.  The  process  is  as  fol- 
lows: a  tube  is  filled  with  washed  clay  or 
other  adsorbent  and  in  connection  with  a 
separatory  funnel,  forms  a  siphon.  The 
solution  to  be  studied  is  poured  into  the 
funnel  and  very  slowly  filters  through  the 
adsorbent.  The  apparatus  (see  Fig.  23)  is 
entirely  practical.  In  the  strict  scientific 
sense,  however,  equilibria  are  not  obtained 
with  it. 


Before  determining  the  content  of 
the  solution  after  adsorption,  the  ad- 
sorbent must  be  removed.  Filtration  is 
rarely  suitable  because  the  filter-paper 
itself  adsorbs.  In  any  event  the  filter 
used  should  be  very  small,  and  the 
quantity  of  fluid  to  be  filtered  as  large 
as  possible.  Centrifugation  is  the 

FIG.  23.  Apparatus  for  adsorption  m°St  Practical  methocL  The  fluid 
analysis.  (H.  Wislicenus.)  may  be  P°ured  or  pipetted  from  the 

adsorbent  which  has  been  deposited. 

The  determination  of  the  content  of  the  solution  before  and  after 
adsorption  varies  so  much  in  accordance  with  the  nature  of  the  sub- 
stance under  investigation,  that  it  is  hardly  possible  to  formulate 
general  rules.  The  simplest  procedure,  when  it  is  possible,  is  to  de- 
termine the  weight  of  a  given  volume  after  evaporation,  or  the  solu- 
tions may  be  titrated.  In  other  cases  suitable  physical  or  biological 
methods  must  be  employed  (animal  experiment,  hemolysis,  agglu- 
tination, etc.). 

To  determine  the  electric  charge  of  a  colloid  by  adsorption,  we 
choose  for  adsorbent,  a  suspension  of  a  substance  having  the  most 
pronounced  electrical  charge.  Electropositive  iron  oxid  or  alumina 
gel  removes  electronegative  colloids  from  solution.  Electronega- 
tive diatomaceous  earth  (kieselguhr),  kaolin  or  mastic  suspensions 
(obtained  by  dropping  an  alcoholic  solution  of  mastic  into  water) 
attract  electropositive  colloids.  As  has  been  said,  the  charge  of 
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natural  colloids  depends  chiefly  upon  their  reaction.  Experiments 
art*  therefore  performed  with  very  faintly  acid,  very  faintly  alkaline 
and  neutral  reactions.  Because  many  substances  are  destroyed  in 
alkaline  or  acid  solutions,  it  is  necessary  to  make  appropriate  pre- 
liminary tests.  Measurements  of  the  amount  contained  before  and 
after  adsorption  determine  the  character  of  the  particular  colloid. 
In  this  way  L,  MK'UAKUS  investigated  a  number  of  ferments  (see 
p.  1KB), 

In  the  border  land  between  adsorption  and  chemical  combination 
belong  the  studies  of  staininy,  which  open  to  the  histologist  a  wide 
field  for  the  application  of  colloid-chemical  knowledge. 

Internal  Friction. 

AH  has  been  shown,  especially  by  the  investigations  of  WOLPOANO 
PAUU  on  albumin,  the  internal  friction  or  viscosity  serves  to  give 
valuable  information  concerning  changes  in  the  condition  in  colloidal 
solutions. 

In  the  cane  of  hydrophile  colloids  an  increase,  of  viscosity  usually 
indicates  an  hydration. 

The  relative  internal  friction  is  usually  determined  by  taking  that 
of  water  at  the  same  temperature  art  equal  to  1.  This  is  usually 
done  by  allowing  a  given  amount  of  fluid  to  flow  from  a  capillary 
tube,  taking  the  time  with  a  stop  watch.  If  the*  rate  of  flow  for  water 
has  been  previously  determined,  the  relation  between  the  two  gives 
the  relative  internal  friction. 

WiuiKLM  OSTWALD  constructed  a  well-adapted  apparatus  (described 
in  ()sTWAf*i>-Lt!THKK*rt  "Textl>ook  and  Manual  for  the  Performance 
of  Physico-chemical  Measurements/'  which  see  for  details).  The* 
colloid  investigator  should  not  work  with  capillaries  that  are,  ton  fine, 
because  his  fluids  are  usually  very  viscous.  The  maintenance  of  a 
eomttnnt  temperature  in  of  especial  importance,  and  therefore  it  is 
necessary  to  employ  a  transparent  thermostat.  Furthermore  the 
«/wr i/r'r  tinwtiy  must  also  be  taken.  OsTWAi,i>-SniKNcwi/rt  pyknom- 
etcr  may  be  used. 

In  hintttffiral  investigations  it  is  occasionally  necessary  to  work 
with  PIT//  xmall  amounts  of  Jluid.  Special  apparatus  has  therefore. 
bent  devised  HO  that  but  one  or  two  drops  may  suflire  for  a  viscosity 
determination.  The  apparatus  of  Hiusrn  and  BUCK,  thoroughly 
dfwrtlmci  by  P.  T  KOKANYI  and  A.  v,  Hic'imw,  "  Physical  Chemistry 
and  Medicine  II,"  p.  27  d  m/.,  in  frequently  used.  Th(fc  apparatus 
of  !L  A.  DKTKHMAN  is  very  simple;  an  seen  from  Fig.  24,  it:  resembles 
an  hour  gltin^.  'Hit*  capillary  has  at  either  end  an  enlargement,  and 
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then  a  constriction  as  well  as  markings.  This  tube  is  placed  in  &> 
large  glass  shell  which  can  revolve  on  its  axis  and  has  a  thermometer 
inserted.  Since  the  apparatus  may  be  turned  upside  down  like  a** 
hour  glass,  it  is  possible  to  take  several  successive  readings  from  th<3 
same  quantity  of  fluid.  DETERMAN  employs  it  chiefly  for  the  de- 
termination of  viscosity  in  uncoagulated  blood.  For  this  purposes 

he  places  a  trace  of  hirudin  of*. 
the  unbroken  skin,  preferably  ot*- 
the  lobe  of  the  ear.  After  punc- 
turing the  skin  he  collects  tho 
blood  with  a  pipette  directly" 
connected  with  the  tube  of  tbo 
viscosimeter. 

The  apparatus  of  W.  HESS*** 
depends  upon  a  somewhat  differ- 
ent principle.  He  does  not  com- 
pare the  time  of  flow,  but  tbx* 
distances  fluids  may  be  suckexl 
up.  His  apparatus  consists  of 
two  capillaries  connected  with  *i* 
T-tube,  through  which  fluids  arc^ 
sucked  with  a  rubber  bulb ; 
through  one  capillary  water  in 
sucked,  and  through  the  other 
blood  or  some  other  fluid  that  is* 
to  be  investigated.  From  th.cs 
ratio  between  the  distances  to 
which  the  two  fluids  are  sucked  through  the  capillaries,  the  viscosity 
may  be  directly  determined.  The  apparatus  has  certain  special 
advantages;  the  horizontal  position  of  the  capillaries  eliminates  th<* 
influence  of  the  specific  gravity;  and  since  water  and  colloid  arc* 
simultaneously  tested,  the  errors  of  temperature  are  reduced  to  IL 
minimum  and  calculations  for  correction  are  unnecessary. 


FIG.  24.    Viscosimeter.    (H.  A. 
Determan.) 


Melting,  Coagulation  and  Solidification  Temperatures. 

The  determination  of  the  melting,1  coagulation  and  solidification, 
temperatures  has  the  same  significance  for  colloids  as  the  measure- 
ment of  the  melting  point  has  for  crystalloids. 

Coagulation  by  Heat.  The  fluid  to  be  investigated  is  placed  in 
a  test  tube,  in  a  water  bath.  The  contents  of  both  test  tube  arui 

1  In  the  case  of  jellies  it  is  only  possible  to  speak  of  a  "  period  of  liquefaction  *  *  • 
for  the  sake  of  simplicity  I  employ  the  expression  " melting  point." 
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water  hath  must  he  stirred  and  a  thermometer  must  he  placed  in 
each.  The  test  tuhe  must  he  illuminated  hy  a  uniform  and  pro- 
tected source  of  light.  It  is  advisuhle  to  make  a  number  of  prelimi- 
nary determinations  of  the  coagulation  point  before  making  the 
final  reading. 

WoLKUAXCi  PAULI  distinguishes  the  following  different  appear- 
ances in  coagulation:  clear,  opalescent,  slightly  cloudy,  milky  trans- 
lucent t  milky  opaque,  finely,  medium  or  coarsely  floecnlent  in  slightly 
cloudy  or  clear  fluid.  These  various  aspects  an*  strongly  dependent 
on  the  dilution  and  the  salt  content  of  the  solution,  and  the  latter 
has  the  greater  influence  on  the*  temperature  of  coagulation. 

Melting  and  Solidification  Temperature.  To  determine,  the. 
melting  point  of  gelatin,  agar,  etc.,  W.  PAULI  and  P.  RONA*  used  an 
apparatus  that  is  similar  to  that  of  H.  BKCKMANN  for  determining 
the  freezing  point.  The  melting  point  is  the  temperature  at  which 
the  layer  surrounding  the  thermometer  melts. 

II.  BKc'ituou)  and  J.  Jdnwucii*2  used  an  air  bath,  in  which  a  tube 
containing  the  jelly  is  placed  alongside  the  thermometer.  The  solid 
jelly  is  weighted  with  5  gm.  of  mercury.1  The  melting  point  is  the 
temperature  at  which  the  mercury  breaks  through  the*  jelly.  Since 
it  is  difficult  to  observe  the  melting  of  the  jelly  and  the  thermometer 
at  the  same  time,  the  authors  use  an  acoustic,  device  (metronome) 
which  is  described  in  the  original  papers  and  which  is  recommended 
for  similar  observations. 

Swelling. 

The  methods  of  measuring  swelling,  i.e.,  the*  water  taken  up  by  a 
gel,  an*  very  inexact.  The  increase  of  volume,  the  <j(iin  in  welyhf  or 
(he  /;wsjw/r  of  xwellinti  may  be*  determined. 

Volume  Increase.  ICqual  quantities  of  fibrin  may  he  placed  in 
test  tubes  and  covered  with  different,  solutions;  we  then  observe 
how  high  the  fibrin  rises  upon  swelling  (M.  II.  KISCHKU,  see  p.  (58, 
Fig,  7),  The  increase  in  volume  consists  of  the  decrease  in  volume 
of  the  swelling  gel  plus  the  volume  of  the  water,  so  that  the  determi- 
nation has  an  error,  inasmuch  as  the*  contraction  of  the  gel  during  the 
swelling  in  unknown.  This  error  is  negligible  in  comparison  with 
the  other  experimental  errors, 

/wrmw  of  liY/f/M,  This  method  introduced  by  P.  HOKMKIHTKH 
IH  somewhat  more  accurate*.  Tin*  total  solids  of  the  swelling  sub- 
stnnce  (gelatin,  muscle,  etc,}  are  determined  and  the  substance  either 
in  H  dry  or  a  swollen  state  is  placed  in  a  solution.  The  weight,  deter- 

$  Thin  Hpimrutu*  IM  nmdc-  hy  <*.  (Scrhartl,  Bonn,  Germany,  dealer  in  chemical 
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Flocculation. 

Observations  of  the  floeeulation  of  a  suspension  or  colloidal  solu- 
tion determine  whether  it  behaves  as  a  hydrophile  or  a  hydrophobe 
colloid;  furthermore,  they  show  the  electric  charge  and,  under  cer- 
tain conditions,  the  presence  of  a  protective  colloid.  The  method  of 
the  experiment  is  very  simple:  a  suspension  or  colloidal  solution  is 


6tau  Swelling  Ufbe  • 
Colophonlum  Wax* 


Swelling  St/bttafi 
Fw,  20. 


-Clay 
"Wi 


Jhimbl® 


divided  among  a  large  number  of  test  tubes,  diminishing;  quantities 
of  electrolytes  (Na(H,  CaCl2,  I'VCHa)  are  added  and  the  test  tubes  uro 
filled  to  equal  vohnnes  with  a  solvent  (water,  physiological  salt  solu- 
tion, etc.).  After  the  test  tubes  have*  been  exposed  at  uniform  tem- 
perature for  a  given  time  (1  to  24  hours),  they  are  examined  for 
floceulatiou. 

In  comparative  oxporimenU  it  in  wumsary  that  wutponHionn  or  solutioiw  havo 
tli^  Hanu»  mncctitration.  On  accotmt  of  the*  small  amount,  <>f  nolid  wibHt.anro 
litfli'  in  to  b«»  accomplinfttHl  l>y  doionninationH  of  total  Holids.  It  in  frc<iu<»ntly  <!<*- 
Mtra!>!c  to  pr«'pari*  a  law  quantity  of  a  standard  Holution  to  bwt  a  long  time,  and 
fmntt'ntly  tlir  d«*ti*rminatioiw  may  bo  uuwlo  colorimt^trically.  I  am  arcuHtomcd 
to  prepare*  nuwtir  HtwpensionH  by  dropping  1  per  <%(»nt,  aln)holi<?  maMtic.  Holutiorm 
Into  wut«T  which  w  being  <inc»rp;etically  Htirrcil.  Tho  miHp<^ision  in  filtered  t  hrou^h 
rut  her  denote  filter  paper  and  tented  for  trannpareney  in  a  beaker  having  parallel 
m«i«*n,  to  one  niilf  <»f  whieli  varunw  printed  linen  have  l)een  ghi««l.  Tim  HUHpon- 
Hitm  in  tlihited  until,  with  a  tl«»fmite  illumination,  a  certain  mxe  type,  can  jiwt  ho 
rittuL 
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H.  BECHHOLD'S  "Bell  apparatus."1  The  colloid  solution  to  be  tested 
is  placed  in  the  glass  vessels  AA  (see  Fig.  27)  which  are  connected 
by  a  tube.  The  vessels  are  closed  below  by  the  membranes  MM 
(best  for  the  purpose  is  fish  bladder  or  the  like).  The  tube  R 
allows  for  the  expansion  of 
the  fluid  caused  by  the  heat 
of  the  electric  current.  The 
bell  apparatus  is  placed  in  two 


FlG  2y.    Bell  apparatus.    (H.  Bechhold.) 


separate  glass  vessels  (crystal- 
lizing dishes)  GG;  the  mem- 
branes are  immersed  in  the 
water,  into  which  also  dip 
the  electrodes  EE.  The  advantages  of  the  apparatus  are:  the 
great  surface  of  colloid  solution;  the  products  transferred  do  not 
come  in  contact  with  the  electrodes  and  each  may  be  conven- 

iently and  separately  collected  and  ex- 
amined; the  current  must  pass  through 
the  entire  colloidal  solution;  the  ap- 
paratus may  be  easily  sterilized  and  the 
free  surfaces  may  have  toluol  layered 
over  them.  The  apparatus  does  not  get 
out  of  order  very  easily.  L.  MICHABLIS 
has  avoided  the  change  in  reaction  due 
to  electrolysis  at  the  electrodes  by  using 
nonpolarizable  electrodes.  Fig.  28  amply 
explains  the  apparatus.  The  electrodes, 
e.g.,  zinc  or  silver  wire,  are  dipped  into 
the  vessels  1  and  5,  which  are  filled 
FIG.  28.  Migration  apparatus  with  zinc  sulphate  and  NaCl  solution 
with  non-polanzable  elec-  rpcinpof:Vplv 
trodes.  (L.  Michaelis.)  respectively. 

Migration  experiments  are  usually  very 

difficult  to  perform.  Since  the  nature  of  the  charge  may  also  be 
determined  by  adsorption,  by  employing  positive  and  negative 
adsorbents,  this  latter  method  is  preferable,  because  it  is  simpler. 


ff. 


Optical  Methods. 

There  is  a  certain  relation  between  the  cloudiness  (Tyndall  effect) 
of  a  fluid  and  its  content  in  suspended  particles  or  colloid.  On  this 
account  various  authors  (KAMBRLINGH  ONNES  and  KEESOM,  MECK- 
LENBURG, WILKE  and  HANDOVSKY)  have  constructed  instruments  to 


1  To  be  had  from  the  Vereinigten  Fabriken  fiir  Laboratoriumsbedarf ,  Berlin  N. 
Scharnhorst  Str. 
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measure  the  amount  of  cloudiness  so  that  they  might  determine  from 
it,  the  content  of  dissolved  colloid  in  the  fluid. 

As  yet  they  have  not  been  applied  to  biocolloids,  and  the  relation 
between  the  clouding  of  media  in  a  fluid,  the  intensity  of  the  light  and 
cloudiness  yields  a  complicated  curve.  On  this  account  it  is  still 
impossible  to  determine  the  value  of  these  instruments  aptly  termed 

by  MECKLENBURG,  tyndattmeters,  for  the 
study  of  biocolloids. 

There  is  need  of  such  an  instrument. 
[P.  A.  KOBER  has  devised  a  very  satisfac- 
tory nephelometer  which  has  found  ex- 
tensive application  in  biology,  especially 
by  BLOOR.  See  Journal  of  Industrial  and 


FIG.  28a.    Kober  Nephelometer. 


Engineering  Chem.,  Vol.  VII,  p.  843.  Tr.]  I  have  always  felt  the  want 
of  being  able  to  determine  the  exact  content  of  a  bacterial  suspension 
by  some  sort  of  tyndallmeter.  Such  an  instrument  must  be  very  simple 
to  manipulate,  which  is  not  the  case  with  the  existing  instruments. 

The  colloid  content  of  a  solution  is  well  measured  for  certain 
purposes  by 

The  Fluid  Interferometer. 

The  fluid  interferometer1  was  originally  devised  to  determine  the 
concentration  or  change  in  concentration  of  crystalloid  solutions. 
According  to  MARC  it  is  also  available  for  light  or  yellowish  colloidal 
1  Made  by  Carl  Zeiss,  Jena. 
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solutions,  hut  not  for  those  deeply  colored.  It  depends  on  the  follow- 
ing principle:  when  parallel  beams  of  light  pass  through  a  narrow  slit, 
as  the  result  of  refraction  a  broad  band  of  light  with  parallel  dark 
bands  (interference  hands)  is  seen  on  the  opposite  wall.  If  light  is 
fXTmitted  to  fall  on  the  same  spot  through  a  second  parallel  slit,  the 
bands  of  light  will  interfere  and  very  fine  sharp  lines  will  be  obtained 
which  may  be  greatly  magnified.  When  a  different  medium,  that  is 
water  or  a  solution  of  salt  or  colloid  is 
placed  behind  one  slit  the  interference 
hands  move  to  one  side  depending  on 
the  refractive  index.  If  the  process  is 
reversed  by  a  set  of  glass  prisms  or 
something  similar,  it  is  possible  to  read 
on  the  adjusting  screw  of  the  appa- 
ratus the*  difference  of  refractive  index. 
Fig.  2Kb  shows  a  cross  section 

through  the  interferometer.    A  Is  the 

t        i  "it     ii        ,t       i      i         j         *» 

chamber  with  the  standard  water,  H 

the*  chamber  for  the  test,  solution,  (!  the  window  for  viewing  the 
interference  bands.  With  dilute*  solutions  the  concentration  increases 
in  pmfwrtbn  to  the  wale  on  the  graduated  drum.  Kor  more  concen- 
trated solutions  a  standard  must  be  set  in  each  case.  Technical  de- 
tails of  the  readings  may  lie  found  in  MAHC'S  paper  (loc.  ciL).  He 
has  thus  far  used  the  interferometer  mainly  to  determine  adsorption 
and  for  studying  the  colloid  content  in  drinking  water  and  sewage. 


Fluid  Interferometer. 


Ultramicroscopy. 

Ultramieroseopy  permits  the  recognition  of  certain  optical  in- 
homogeneities,  and  depends  upon  the  use  of  dark  field  illumination. 
ntramieroseopes  magnifying  from  750  to  1500  diameters  serve1  in 
principle  the  name  purpose  as  the  ordinary  microscope.  They  have 
the  advantage*  over  the*  latter  that*  without  staining  or  extensive 
preparation,  even  living  objects,  spirilla,  etc.,  become  visible  to  the 
eye;  bright  on  a  dark  background.  Ultramieroseopy  with  a  one  hun- 
dred thousand  fold  magnification  has  solved  important  theoretical 
questions  of  colloid  chemistry.  By  reason  of  the  conditions  of 
light  refraction  its  value*  is  chiefly  confined  to  inorganic*  eu>lloids. 

In  the  ordinary  microscope  the4  field  is  usually  bright,  while  the 
object  is  more  or  loss  dark  against  its  surroundings.  In  the*  ultra- 
interowojH*,  only  the  rays  of  light  reflected  from  the  object  reach  the 
observer's  eye  and  permit  the*  object  to  stand  out  bright  against  the 
dark  background. 
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In  this  dark  field  illumination  the  form  of  tin-  ohjivt.s  arr  not 
given,  but  every  point  appears  a*  a  small  bright  *ir<.»',  \\hirh  und«T 
Home  circumstances  may  be  -urrouudrtl  l»y  on*-  or  -,r\t-r:ii  rinu^  of 
light.  The  ultramieroseopt'  is  e*prrially  *uitrd  for  flu*  rreognitiun  uf 
inhotnogmcitics  in  a  mt'ilium. 

Apart  from  tht*  rtTognitt<»n  t»f  f**nii,  tltr  tirl«l  of  applifatiitn  of  Hu« 
1  wtis  rnormously  rxtrinlni  by  thr  invrntioii  of  thr  uitrami- 
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only  a  nufficicntly  Htrotm  *.ouirr  of  I^hf  j  a\a*,I  i!<l«-,  l'»  i»*tjr,»S!«  , 
the  linut-H  of  visihiliU  in  otir  latitu»l«  ^Jli  *h*-  !«  ?  L^^'t-i  j.  ;i)«.ujt 
1C)  MM  (1  ^M  I  millicmth  part  of  a  m:U«u»  M  ,  /.i^«^\in  n?,» 

5  MM.    Tr.| 
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rays  in  the  path  of  the  object  examined  are  lost  by  refraction.  Very 
small  objects,  such  as  bacteria  are  too  faintly  illuminated  to  be 
visible  by  his  "dry  system."  On  this  account,  a  highly  refractive 
fluid  (water  or  cedar  oil)  is  placed  between  the  object  and  the  objec- 


FIG.  29.    Illumination  of  the  cardioid  ultramicroscope. 


tive  (of  wide  aperture),  which  permits  many  more  rays  to  pass  from 
the  object  into  the  objective.  It  was  impossible  to  use  immersion 
in  the  earlier  slit-ultramicroscope  because  the  illuminating  (Bi)  and 


FIG.  30.  Course  of  the  light  rays 
through  the  cardioid  condenser. 
(H.  Siedentopf .) 


FIG.  31.     Quartz  chamber  for  the 
cardioid  ultramicroscope. 


the  examining  objective  (52)  could  not  be  brought  sufficiently  close 
together  (see  Fig.  31a).  This  difficulty  was  overcome  through  an 
improved  method  of  construction  by  the  optical  works  of  R.  WINKEL 
of  GOTTINGEN  (see  Fig.  30).  A  drop  of  the  fluid  to  be  examined  is 
placed  between  the  two  immersion  objectives  of  wide  aperture  or 
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they  dip  into  a  small  trough  containing  the  fluid  for  examination. 
The  illumination  intensity  of  the  "  immersion  ultramicroscope"  is 
much  greater,  than  the  original,  and  particles  are  made  visible  which 
formerly  had  quite  eluded  observation;  the  contrast  effect  in  the 
intensely  dark  field  is  quite  perfect.  For  biologists,  the  ultramicro- 
scope  with  a  cardioid  condenser  is  at  present  the  most  important 
instrument.  It  permits  the  use  of  twenty  times  as  much  light  as  the 
slit-ultramicroscope,  "practically  the  maximum  available  from  the 
source  of  light." 

The  construction  of  the  apparatus  is  shown  in  Fig.  29.    c  con- 
tains an  electric  arc  lamp  with  a  perforated  sleeve  cap  d  to  cut  out 


FIG.  32.    Holder  for  the  quartz  chamber  em- 
ployed with  the  cardioid  ultramicroscope. 


FIG.  33.    Flasks  for  storing 
ultrawater.      (A.  Haak.) 


interfering  light.  An  illuminating  lens  e  passes  the  light  sharply 
downward,  through  a  glass  trough  filled  with  water,  to  the  center  of 
the  microscope  mirror. 

The  water  trough  serves  to  remove  the  heat  rays  or  when  neces- 
sary acts  as  a  color  filter.  The  microscope  mirror  throws  the  light 
perpendicularly  through  the  cardioid  condenser,  which  replaces  the 
ABBE  condenser  in  the  microscope.  It  is  evident  from  the  diagram 
•  of  the  cardioid  condenser  (Fig.  30)  that  the  various  ascending  rays 
strike  the  slide  e  obliquely  by  reason  of  the  double  reflection  from  the 
two  spherical  surfaces  and  that  thus,  all  the  light  is  utilized  for 
illumination;  only  the  rays  reflected  by  the  object  take  the  usual 
path  through  the  objective  and  the  ocular  to  the  observer's  eye. 
Water  is  used  for  immersion. 

With  the  cardioid  ultramicroscope  the  object  is  placed  between 
slide  and  cover  glass  as  in  ordinary  microscopy.  For  reasons  we 
shall  revert  to  later,  a  slide  with  a  special  quartz  chamber  (Fig.  31) 
is  used,  which  is  held  in  the  holder  (Fig.  32). 
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There  are  a  number  of  precautions  to  be  observed  in  working  with  the  ultra- 
microscope.  Since  every  impurity  makes  a  point  of  light  in  the  field,  it  is  neces- 
sary to  employ  optically  clear  water.  Such  water  is  prepared  according  to  R. 
ZSIGMONDY  by  distillation  through  a  silver  condensing  tube,  or  according  to  H. 
BECHHOLD  by  ultrafiltration  through  a  very  tight  ultrafilter  (6  to  10  per  cent). 


FIG.  34.     Dark-field  illumination  for 
the  examination  of  organisms. 


For  collecting  and  storing,  only  Jena  glass  vessels  should  be  employed.  Ground 
glass  stoppers  or  corks  are  to  be  avoided  because  they  always  yield  fine  dust. 
I  have  found  the  suggestion  of  W.  BILTZ  serviceable;  he  coated  the  stoppers  with 


'  FIG.  34a. 

tin  foil.    I  recommend  a  storage  flask  for  ultrawater  manufactured  by  A.  HAAK 
in  Jena  (Fig.  33). 

Neither  water  nor  alcohol  should  show  microscopically  the  slightest  FARADAY- 
TYNBALL  effect,  but  wherever  illuminated,  only  a  very  faint  shimmer,  whitish 
in  the  case  of  water  (ultrawater),  bluish  in  the  case  of  alcohol  (ultra-alcohol). 
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Though  a  skilled  ultramicroscopist  usually  recognizes  impurities  from  irregular 
intensity  of  illumination  and  color  of  the  submicrons,  as  well  as  by  differences  in 
motion,  the  most  extreme  care  is  necessary  in  ultramicroscopic  work. 

Cover  glasses  for  the  upper  chamber  should  be  of  quartz,  3/4  mm.  thick. 
The  usual  methods  of  cleaning  (cloths,  brushes,  elderpith  and  Japanese  tissue) 
are  to  be  avoided,  as  particles,  which  may  cause  much  trouble,  are  broken  off; 
scratches,  tears,  and  impurities  arising  from  dry  cleaning  increase  the  adsorption 
of  colloids  on  the  chamber  walls  and  reveal  their  own  ultramicroscopic  pictures 
independently  of  the  colloid  particles.  The  chamber  and  cover  slip  must  always 
be  cleaned  in  the  following  fashion:  nothing  is  touched  by  hand,  only  forceps 
with  platinum  points  or  with  a  loop  of  platinum  wire  about  them  may  be  used. 
The  apparatus  is  placed  in  a  hot  mixture  of  concentrated  H2S04  and  sodium  bi- 
chromate, then  washed  with  tap  water  and  finally  conductivity  water.  The  water 
must  be  removed  with  ultra-alcohol  and  finally  collodion  is  poured  over  the  cleaned 
surface.  Before  use,  the  collodion  skin  may  be  easily  raised  at  one  corner  and 
removed. 

On  forcing  the  chamber  and  cover  slip  in  the  holder,  it  is  necessary  to  avoid 
screwing  too  tight  or  tensions  will  arise  which  gradually  equalize  themselves  and 
cause  striations  which  are  very  disturbing. 

Ultramicroscopes  for  the  Study  of  Organized  Material. 

The  apparatus  for  this  purpose  may  be  adjusted  to  any  microscope. 
Special  preparation  of  the  objects  is  unnecessary. 

Objects  difficult  to  make  visible  by  staining  or  which  are  too  small 
to  see  alive  with  the  ordinary  microscope  are  especially  suitable  for 


FIG.  35.    Abbe  condenser  with 
central  opacity. 


FIG.  36.  Paraboloid  condenser  for  the 
dark-field  illumination  of  organisms. 
(From  H.  Siedentopf.) 


this  method  of  investigation,  e.g.,  spirilla,  protoplasmic  structures, 
etc.  A  picture  is  obtained  similar  to  that  with  BURRI'S  India  ink 
method^  in  which  the  rest  of  the  field  is  blackened  with  India  ink, 
while  the  objects  appear  bright.  Oblique  illumination  reveals  in- 
homogeneities  and  structures  which  would  be  invisible  even  with 
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staining.  In  the  description  of  the*  investigations  of  N.  GAIDUKOW, 
K.  HAULMANN,  etc.,  we  shall  return  to  this  topic.  The*  optical  system 
depends  on  the  fact  that  the  central  rays  of  light  reflected  from  the 
mirror  of  the  microscope4  are  cut  out  by  a  disc,  whereas  the  lateral 
rays  which  strike  the  object  obliquely  are  utilized. 

The  simplest  and  cheapest,  arrangement  is  the  one  by  which  a 
central  blind  is  placed  in  the  diaphragm  carrier  of  the  AUDIO  illumi- 
nating apparatus  (see  Fig.  35),  yet  this  arrangement  is  not  recom- 
mended on  account  of  the  faint  illumination  and  the  difficulty  in 
centering. 

Much  to  be1  preferred^  because  of  the  strong  illumination,  is  SIKDKN- 
Tow'rt  immhnhnd  condenser  (SIM*  Fig.  :{(>).  It  is  adapted  to  the  study 
of  living  bacteria  and  especially  for  tkin  organized  structures. 

The  thicker  the  preparation  the  weaker  must  be  the  objective. 

Preparation**  muni  bt»  made  with  greater  cleanliness  than  for  bright  field 
illumination,  though  such  scrupulous  care  in  not  necessary  an  for  the  emrdioid 
oondeitNor, 

The  slide  must,  have*  a  defmito  thick IH»HH  (not  IOHH  than  l.l  mm.  or  more  than 
1,4  nun.), 

Tin*  object  to  bc»HtudiiMl  w  planed  on  a  nlido  moiHt<uuul  with  n  drop  of  phynio- 
logicml  Halt  Holution  ant  I  a  covtsr  glaHHadjuHtcMi  HO  that  tlu^rc^  an*  no  InihbltkK.  Tho 
wat«»r  pmwetl  out  ut  flu*  sidort  in  alworbenl  and  t-h<*  rim  in  Hfialod  tight  with  wax 
(t  part  WUK,  2  partH  nwitu,  ,\  drop  <if  wati^r  without  l»ubblo«  in  placcsl  b<»two<'n 
tht*  niid«»  and  the  <tondt»nstT,  Neither  wat(T  nor  oil  LH  lined  iH^wec^n  tlus  Hlido 
luict  the*  objective  (tlry  Hynt«»m). 

[Other  ultramicnwcojM^M  have*  tx^en  dtkvined  by  COTTON  und  MCKJTON,  and  by 
IVANUWHKI  fjnade  by  K.  LKITO),    Hwalao  L'Ultra-microHcope  by  PAUL  ( 
Tr.l 


An  iwterlsk  (*)  after  an  author's  name  refers  to  a  reference  In  the  index  of 

names. 

PART   II. 
THE  BIOCOLLOIDS. 

WITH  the  exception  of  water,  inorganic  sails  and  a  few  organic 
substances  an,  for  instance,  urea  and  sugar,  only  colloids  exist  in 
plant  and  animal  organisms,  and  if  we  except  water,  the  colloids 
quantitatively  far  exceed  the  crystalloids.  This  appears  reasonable 
when  we  consider  the  respective4  roles  of  crystalloids  and  colloids  in 
the  organism.  We  may  compart*  living  organisms  to  a  city,  in  which 
the  colloids  are  the  houses  and  the  crystalloids  are  the  people  who 
traverse  the  streets,  disappearing  into  and  emerging  from  the  houses, 
or  who  are  engaged  in  demolishing  or  erecting  buildings.  The  colloids 
an*  the  xtahlv  part  of  the  organism;  the  crystalloids  the  mobile  part, 
which  |X'W»trafing  everywhere  may  bring  weal  or  wot*.  Because  they 
have  only  a  transitory  use,  we  find  in  the  organism  only  a  small 
number  and  a  small  quantity  of  organic,  crystalloids.  In  plants  wo 
encounter  the  most  important  organic  crystalloid,  sugar,  on  its  way 
from  its  place  of  origin  to  the*  place  when*  it,  is  used,  or  in  depots, 
such  IIH  buds,  roots,  fruits,  etc.,  where  it.  is  either  changed  into  an 
insoluble  form  of  carbohydrate,  into  starches  and  related  products, 
or  its  retreat  in  cut  olT  by  the  drying  of  the  stem  from  which  tho 
fruit  depends.  In  its  course  we  may  tap  great  quantities  of  sugar, 
an  in  the  birch,  maple*  and  palm  when  they  art1  "in  nap."  IT  for 
any  reason  it  becomes  mobilized  again  in  the  depots,  large  quantities 
of  sugar  may  be  formed.  In  wild  plants  the  amount  of  sugar  is 
rarely  very  great ;  it  is  otherwise  with  cultivated  plants  where  as  tho 
result  of  cultivation  uugar  is  stored  with  no  advantage  to  the  plant, 
*'.{/.»  sugar  beets,  sugar  cane  and  common  beets.  At  times  a  certain 
biologicut  purpose  may  be*  associated  with  sugar  formation,  r.r/,,  the 
sugar  formation  in  fruits  for  the  purpose  of  their  dissemination. 
The  fruit  is  always  the  biological  object  and  serves  to  perpetuate 
the  species,  not,  tho  individual.  The*  development  of  a  greater 
quantity  of  crystalloid  as  sugar  in  fruit  is  therefore  not  surprising, 
since  the  fruit  has  completed  its  service  for  tho  individual  plant. 
Elsewhere,  we  find  tho  carbohydrates  only  in  colloidal  and  most 
often  even  in  insoluble  form.  I  refer  to  starches,  cellulose  and  gums. 
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Like  plants,  the  animal  organism  has  the  power  of  changing  carbohy- 
drates into  crystalloids.  Ferments  change  the  starches  into  sugar, 
in  fact  cellulose  which  is  so  resistant  to  chemical  attack  is  made 
soluble  in  the  intestine  of  vegetarians,  so  that  it  can  enter  the  animal 
body.  As  soon  as  the  crystalloid  forms  of  carbohydrate  have  passed 
the  intestinal  wall  they  are  transferred  to  the  main  depot,  the  liver, 
where  they  remain  in  the  stable  colloidal  condition  as  animal  starch, 
glycogen.  We  also  find  glycogen  in  most  of  the  other  organs,  where- 
as the  mobile  state  of  carbohydrate,  grape  sugar,  occurs  only  in 
minimal  quantities  (0.08  to  0.12  per  cent),  in  fact  only  just  so  much 
as  is  necessary  for  the  production  of  energy. 

Fats,  too,  are  found  in  the  truly  soluble  form  (e.g.,  soaps)  in  plants, 
only  in  the  germs  of  seeds;  and  in  animals,  probably  only  at  the 
moment  when  they  pass  through  the  wall  of  the  intestines.  They  have 
hardly  passed^the  intestine  when  they  immediately  regain  their  colloidal 
condition  of  emulsion,  and  are  carried  in  that  condition  to  their  depots. 

The  same  statements  hold  for  proteins.  Crystalloid  cleavage  prod- 
ucts are  found  in  germinating  seeds  and  in  minimal  quantities  in  the 
vascular  paths;  in  plants,  asparagin;  in  animals,  among  others, 
urea,  uric  acid. and  ammonia  salts.  The  organism  strives  its  utmost 
to  retain  the  colloidal  condition.  Hardly  have  the  crystalloid 
cleavage  products  of  albumin  which  have  been  formed  in  the  stomach 
and  intestines  passed  through  the  intestinal  wall,  than  they  are 
straightway  changed  back  into  the  colloidal  form,  so  that  their  re- 
turn may  be  cut  off.  The  crystalloid  combustion  products  are  given 
an  avenue  of  escape  through  the  kidneys. 

Physiological  chemistry  deals  with  the  role  of  the  carbohydrates, 
fats  and  proteins  apart  from  water  and  the  inorganic  salts.  In  the 
study  of  biocolloids,  water  and  salts  cannot  be  neglected,  because 
water  and  salts  are  an  indispensable  part  of  the  colloids;  no  colloid 
can  exist  in  the  organism  without  them,  because  they  condition  the 
turgescence  which  is  characteristic  of  living  colloid. 

In  the  case  of  cells  with  true  membranes,  salts  may  determine  at 
times  the  balance  of  osmotic  pressure  within  and  without  the  cell. 
This  general  fact  does  not  explain  the  necessity  of  the  various 
kinds  of  anions  and  cations  (K,  Na,  Ca,  Mg,  Cl,  SO4,  P04,  C02); 
the  balance  in  osmotic  pressure  may  be  maintained  by  any  non- 
electrolyte  (e.g.j  sugar)  and  yet  a  cell  cannot  be  kept  alive  in  an  iso- 
tonic  sugar  solution.  Inorganic  salts  have  specific  relations  to  certain 
organs  to  which  we  shall  refer  later;  they  are  the  expression  of 
characteristic  sharply  defined  physical  states  assumed  in  the  presence 
of  'given  quantities  of  water  and  salt,  by  the  proteins,  carbohydrates, 
etc.,  of  which  the  organs  consist. 
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Chemistry  in  general,  un<l  physiological  chemistry  in  particular, 
aims  to  investigate  the  structure  of  individual  chemical  substances, 
and  thus  explain  their  properties  by  splitting  them,  synthesizing 
them,  and  comparing;  the  regenerated  (rearticulated)  substance  with 
the  original,  to  see  if  it  is  the  same  or  different.  Unfortunately,  so 
far  as  the  colloidal  constituents  of  the  organism  are  concerned,  they 
an*  still  far  from  their  goal,  especially  in  the  case  of  carbohydrates 
and  proteins.  Here  colloid  chemistry  enters  and  attempts  to  com- 
prehend and  where  jxwsibb  to  regulate,  the  behavior  of  the  finished 
product.  Colloid  chemistry  is  not  occupied  with  the*  parts  of  the 
machine*,  but  with  the  machine  itself.  The  chemist  splits  the  pro- 
teins into  polypeptids,  ammo-acids,  etc,,  but  the  student  of  biocolloids 
avoids  such  profound  attacks  and  strives  to  keep  the  molecule*  in- 
tact HO  far  as  possible,  studying  its  outward  form,  the  chemical 
|H)intH  of  attack  offered  by  the  unmutilated  molecule t  its  behavior  to 
changes  which  may  occur  under  normal  and  pathological  conditions, 
an  well  as  those  brought  about  by  drugs. 

1  wish  here  to  emphasi/e  one  other  point,.  Only  a  few  substances 
occur  in  the  organism  that  arc*  suitable  for  study  by  the  physiological 
chemist.  Serum  albumin  and  globulin,  the  starches  and  some*  of  the 
fats,  an*  unquestionably  substances  which  maybe1  separated  from  the 
organism  without  losing  some  of  their  essential  properties,  but  they 
are  exceptions.  The  substances  usually  studied  by  physiological 
chemists  are  those  which  have  already  suffered  considerable  modi- 
fication. The  organism  possesses  neither  glue,  histonc  nor  myosin, 
uud  even  if  we  knew  the*  exact  chemical  constitution  of  glut*,  this 
would  throw  no  light  upon  the  properties  and  the  function  of  cartilage* 
and  the  fibrils  of  connective  tissue*  from  which  it  is  derived.  But 
even  without  knowing  the  chemical  composition  of  glue,  I  believe 
that  it  would  be  jHissible,  with  the*  methods  of  colloid  chemistry  alone, 
to  collect  a  series  of  observations  which  would  afford  valuable  con- 
clusions concerning  the*  chemical  mechanisms  of  such  tissues. 

A  time  will  come*  when  the*  olel  physiological  ehe»mistry  and  the 
new  chemistry  of  the*  bioe*.olle>ids  will  me*et  and  the*  two  opposite 
cnels  of  the  tunnel  shall  be*  uniteel  We  shall  first  try  to  learn  the 
propertieH  of  the  intact  e*olloid  moleemle  of  the*  ce>lle)i<l  particle. 
The  following  chapters  on  carbohydrate.^  lipouls  and  proteins  should 
IK*  read,  bearing  this  statement  in  mind. 


CHAPTER  VIII. 
CARBOHYDRATES. 

As  the  name*  indicates,  we  classify  as  carbohydrates  a  group  of 
substances  containing  carbon  and  the  elements  of  water,  i.e.,  ()  and 
H  in  the  proportion  of  I  ;  2. 

We  owe  our  knowledge*  of  the  constitution  of  the  lower  members 
of  this  group,  the  crystalloid  water-soluble  xiy/am,  largely  to  the  in- 
vestigations of  KMIL  Fiscinoit.  The  same1  difficulties  which  we 
encounter  in  the  study  of  all  colloidal  substances  interfere  with  de- 
termining the  constitution  of  the  higher  colloidal  members  of  this 
group,  the*  MccharocolloidN.  There  is  at  present  no  means  of  positively 
recognizing  the  purity  and  the  individuality  of  the  substance  studied 
or  its  derivatives.  It  is  true  'that  we  may  crystalline  individual 
colloidal  carbohydrates,  c.{/.,  inulin,  which  as  a  rule  naturally  occurs 
in  crystals,  but  all  we  have  said  on  page*  71  concerning  the  crystalli- 
zation of  colloids  in  general  applies  to  inulin. 

Because  of  their  common  occurrence,  the  most  important  sac- 
charoeolloulrt  an*  the  xtnrchw,  vegetable  and  animal  (glyeogen),  and 
also  n7/i//rw.  Next  in  importance  come  the  various  gumx  and  pec- 
tinonx  plant  juirctt.  Dt'jrtrinx  which  an*  also  usually  colloidal  are 
really  cleavage  products  of  the  starches. 

A  host  of  individual  facts  have  been  derived  from  the  enormously 
extensive*  utilization  of  starches,  as  food,  cereals  and  potatoes,  for 
fermented  liquors,  beer  and  brandy,  as  sizing,  etc.,  and  of  cellulose 
(in  the  textile*  Industrie's  and  paper  manufacture).  It  is  only  recently 
that  then*  has  been  manifested  an  effort  to  reach  a  general  view- 
point such  as  colloid  science  has  made*  possible.  (K.  FOUAKD.*) 

STAK<'H,  obtained  from  starchy  grains,  is  an  amorphous  white 
powder  which  migrates  in  the  electric  current  to  the  anode,  it  exhibits 
an  arid  rha meter  chemically,  since*  it  adsorbs  dissolved  alkalis  (with 
the  exception  of  NI^OII)  and  hydroxids  of  the  heavy  metals, 
probably  thus  forming  amylates.  It  does  not  adsorb  acids  or  salts. 
(A.  KAKOWSKI.*)  Since  phosphoric  acid  is  always  present  in  native 
nf arches  ami  in  the  diastatic  cleavage  of  phosphorus-containing 
dextrmn,  we  may  assume  with  3VL  SAMRC  that  there  is  a  carbohydrate 
phosphoric  acid  complex  probably  an  ester  (amylophosphatc) . 
Starch  has  a  great  reversible  swelling  capacity  in  water  (pore  swelling). 
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In  swelling  there  is  a  great  loss  of  volume,  i.e.,  the  volume  of  the 
swollen  starch  is  less  than  that  of  the  dry  starch  plus  the  water 
necessary  for  swelling,  as  was  shown  in  exhaustive  experiments  by 
H.  RODEWALD.*  This  contraction  is  about  8  per  cent,  when  20  per 
cent  of  water  is  taken  up.  Swelling  is  accompanied  by  the  liberation 
of  heat,  which,  according  to  E.  WIEDEMANN  and  CHARLES  LUDE- 
KING,*  amounts  to  about  6.6  calories  per  gram.  H.  RODEWALD 
studied  the  phenomenon  more  thoroughly  and  found  a  diminution 
in  the  amount  of  heat  liberated  with  increasing  water  content.  The 
following  is  an  abbreviated  table  of  his  results: 


Per  cent  of  water 

Approximate  per  cent 

contained  in  100  gm. 

of  neat  liberated  per 

dry  starch. 

Km.  dry  starch. 

0.23 

28.11 

2.39 

22.60 

4.58 

18.19 

9.59 

10.28 

18.43 

3.54 

If  we  add  more  water  to  starch,  and  heat  to  55°  -70°  C.,  by  " solu- 
tion swelling,"  we  get  a  jelly-like  mass,  starch  paste,  which  dissolves 
on  continued  heating  in  more  water.  This  solution  coagulates 
when  it  is  frozen.  G.  MALFITANTO  and  A.  N.  MOSCHKOFF*  utilize 
this  property  of  starch  solution  to  obtain  a  starch  free  from  mineral 
substances.  Dernineralizcd  starch  on  being  mixed  with  suitable 
salts  shows  all  the  properties  of  the  different  forms  of  starch.  These 
investigators  are  therefore  of  the  opinion  that  the  various  modifica- 
tions in  the  properties  of  the  natural  starch  granules  are  due  to  mineral 
admixtures. 

E.  FOUARD,*  by  means  of  acids,  freed  starches  from  their  inor- 
ganic elements  and  obtained  a  substance  which  formed  an  unstable 
colloidal  solution  in  water.  Heat,  alkalis  and  alkaline  salts  made  the 
solution  more  permanent,  whereas  cold,  acids  and  acid  salts  favored 
jelly  formation.  On  ultrafiltering  his  starch  solutions,  K.  FOUARD 
found  that  in  accordance  with  their  concentration,  a  given  fraction 
of  the  solution  always  passed  through  collodion  membranes.  He 
concluded  from  this,  that  for  every  concentration  of  the  starch  solu- 
tion a  balance  exists  between  the  coarser  particles  and  the  rnolec- 
ularly  dissolved  (hydrolyzed?)  starches.  Unfortunately,  the  work 
of  E.  FOUARD  contains  no  information  relative  to  the  permeability 
of  the  collodion  membranes,  so  that  it  is  impossible*  to  arrive  at  any 
conclusion  in  reference  to  the  size  of  the  suspended  and  the  dissolved 
starch  particles. 
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On  account  of  their  great  surface  development,  the  adsorptive 
capacity  of  starches  is  very  great.  As  has  been  said,  when,  they 
swell  they  adsorb  water,  dyes,  etc.  A  very  characteristic  adsorption 
compound  is  formed  with  iodin.  lodinis  the  best  known  reagent  for 
starches;  by  it  they  art*  stained  blue.  It  was  formerly  believed 
that  iodin  and  starch  united  chemically;  W.  BILTJZ  showed  that  it  is 
merely  ait  adsorption.  According  to  the  degree  of  dispersion,  iodin 
solution  is  blue,  red,  orange  or  yellow,  inasmuch  as  the  starch  solu- 
tion acts  as  a  protective  colloid  (W.  HARRISON*).  There  are,  in 
addition,  varieties  of  starch  which  give  at  once  a  brownish  red  or  a 
wine  red  color  with  iodin.  Inulin  and  lichenin  are  colored  yellow 
by  iodin. 

The  swelling  and  pasting  of  starches,  hydration,  is  analogous  to  the 
swelling  of  proteins,  which  is  a  preliminary  to  their  hydrolytic  cleavage. 
The  swelling  of  starches  is  favored  by  electrolytes,  especially  alkalis, 
HO  that  swelling  commences  at  a  much  lower  temperature,  in  their 
presence.  For  this  purpose  the  unions  are  especially  important  and 
in  fact,  in  a  lyotropie  series,  similar  to  that  of  acid  albumin.  See 
page  152  (M.  SAMKC).* 

Starch  paste  increases  the  surface*  tension  of  water  (%LOBK:O*). 
A  .solution  of  starch  in  water,  as  well  as  one  of  dextrin,  dissolves  less 
<*Oa  than  pure  water  (according  to  A.  FINDLAY*).  (A  gelatin  solu- 
tion dissolves  more  COa  than  pun*  water!) 

Under  the  influence  of  dilute  acids  or  diastatie  ferments,  the  starch 
molecule  takes  up  water  and,  step  by  step,  breaks  into  small  frag- 
ments, mdnhle  utarchcx,  atnylodcxtrin,  various  dcxtrinx  some  of  which 
crystalline,  and  finally  into  grape  sugar.  The  larger  the  fragments 
the  more  marked  in  their  colloidal  character. 

As  the.  result  of  osmometrie  experiments  W.  Bu/rz  *  arrived  at  the 
following  molecular  weights: 

Amyhxioxtrin 22,200  20,500 

Higher  iu'hr«K«l«'Xtrm  .  . 11,700  -  8,200 

Krythrucii'xtriu .  .  ,  . <»,800 «  3,000 

Arid  ili'Xtrin 4,000 

I*ow<»r  urhrooiic'xtrm 1 ,800-  1,200 

Pi'Xtrin  (C«HuA)«. .905 

Commercial  tiwclrin 6,200-  2,700 

"Soluble  starch"  (according  to  II.  FwKttKNTUAL*1)  produces  a 
definite  lowering  of  the  f reeling  point,  which  is  proportionate  to  the 
amount,  of  the  substance  that  is  dissolved. 

('rystuIliBablc'    dextrins    [umyloses    ((-eHioO&)«l    prepared    by    II 
P!U>mH!iK!M*un<i  KisHLBit  combine  with  iodin  to  form  iodin-addition 
eomfxnmds  which  dissolve  like  iodin  ntarchcH  in  cold  water  with  a 
transitory  blue  color. 
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Commercial  dextrins  which  are  mixtures  of  starch  fragments  of 
different  size  are  almost  entirely  held  back  by  impermeable  ultra- 
filters  (10  per  cent)  (H.  BECHHOLD*4). 

Closely  related  to  the  starches  is  inulin,  the  reserve  carbohydrate 
in  dahlia  bulbs  and  the  roots  of  Inula  helenium,  etc.,  as  well  as 
lichenin,  which  occurs  in  many  lichens,  especially  Iceland  moss. 
Unlike  the  starches,  inulin  and  lichenin  are  soluble  in  water  without 
forming  a  paste  and  form  yellow  adsorption  compounds  with  iodin 
(see  p.  135). 

Besides  these,  a  series  of  starches  have  been  identified,  some  of 
which  show  differences  in  their  final  cleavage  products,  the  sugars. 
As  yet  they  have  not  been  studied  colloid-chemically. 

In  its  biological  function,  animal  starch,  glycogen,  resembles  the 
plant  starches  closely,  and  in  its  colloid  properties  stands  midway 
between  these  and  inulin.  It  swells  in  cold  water  and  forms  with 
it  an  opalescent  hydrosol.  The  electric  current  carries  it  to  the 
anode  (Z.  GATIN-GRUSZEWSKA*).  With  iodin  it  forms  according  to 
its  concentration,  a  brownish  yellow  to  deep  red  adsorption  com- 
pound. 

The  internal  friction  of  glycogen  solutions  have  been  studied  by 
F.  BOTTAZZI  and  G.  D'ERRICO*  as  well  as  by  J.  FRIEDLANDER.* 

Glycogen  is  split  up  by  acids  and  ferments,  and  according  to  the 
degree  of  hydrolysis  we  find  all  sorts  of  fragments,  from  the  highly 
colloidal  to  the  easily  diffusible  grape  sugar.  E.  RAHLMANN**  fol- 
lowed this  process  with  the  ultramicroscope. 

The  glucosides  must  be  mentioned  in  this  connection.  They  are 
compounds  of  the  aliphatic  and  the  aromatic  series  with  sugars, 
which  may  be  split  into  their  components  by  acids  or  ferments.  In 
the  vegetable  kingdom  they  include  very  active  pharmacologic  and 
toxic  substances,  such  as  digitalis  glucoside,  phloridzin  and  saponins. 
Recently  several  glucosides  have  been  discovered  in  the  animal  organ- 
ism, e.g.,  cerebron  in  the  human  brain.  Though  some  glucosides, 
e.g.,  amygdalin  and  myronic  acid  are  unquestionably  crystalloids, 
others,  e.g.,  saponin,  are  entirely  colloidal.  Since  we  know  very  little 
of  the  biological  significance  of  glucosides,  it  is  evident  that  we  do  not 
know  what  importance  may  be  ascribed  to  the  crystalloid  form  in 
one  and  the  colloidal  form  in  the  other. 

The  gums  are  carbohydrates  which  are  widely  distributed  through- 
out the  vegetable  kingdom.  Some  of  them  play  a  part,  in  many 
respects  analogous  to  that  of  fibrin  in  the  animal  kingdom,  since  they 
solidify  on  issuing  from  a  wound,  thus  sealing  it.  Best  known  of 
the  gums  are  gum  arable,  carraghen  and  cherry  gum>  while  agar,  de- 
rived from  Japanese  sea  weed,  is  of  especial  importance  in  bacteri- 


CARBOHYDRATES  137 

ology.  Finally,  we  must  mention  the  pectinous  plant  juices,  which 
unlike  the  true  gums  are  slightly  or  not  at  all  soluble  in  water. 

The  gums  are  typical  examples  of  hydrophile  colloids;  they  swell 
into  jellies  in  water,  and  on  adding  more  water  pass,  at  an  indefinite 
point,  into  solution.  Rise  of  temperature  shifts  this  point  in  favor  of 
solution,  though  it  is  by  no  means  immaterial  at  what  condition  of 
swelling  the  heating  occurs.  If,  for  instance,  agar  has  been  allowed  to 
swell  in  cold  water  for  a  long  time,  it  immediately  becomes  a  homo- 
geneous solution  on  warming.  If  solid  agar  is  heated  in  water,  we 
get  a  lumpy  suspension  of  agar  in  water,  which  only  very  gradually 
becomes  a  homogeneous  sol.  It  is  evidently  necessary  for  each 
particle  of  agar  to  have  the  amount  of  water  necessary  for  solution 
in  close  proximity  before  it  is  warmed;  otherwise  the  swelling  will 
occur  but  slowly  from  the  outside,  where  there  is  an  excess  of  water, 
and  proceed  inward,  since  the  peripheral  particles  of  agar  hold  the 
water  until  they  are  dissolved.  Indeed,  the  phenomenon  is  one  which 
depends  on  the  size  of  the  surface;  the  large  mass  with  relatively 
small  surface  dissolves  more  slowly  than  the  same  mass  divided, 
i.e.,  with  a  relatively  increased  surface.  Solutions  of  gum  do  not 
dialyze.  In  my  opinion  little  attention  need  be  paid  to  the  determi- 
nation, of  their  osmotic  pressure,  since  traces  of  electrolytes  which 
cannot  be  removed,  suffice  to  simulate  it.  I  know  of  no  studies 
on  the  electrical  migration  or  on  the  diffusion  coefficients  of  gums. 
[W.  M.  BAYLISS  has  recently  determined  the  viscosity  and  osmotic 
pressure  against  water  and  RINGERS'  solution  of  gum  acacia,  gelatin 
and  amylopectin.  He  recommends  the  use  of  gum  and  gelatin  in 
saline  infusions  as  a  method  of  maintaining  blood  pressure.  The 
more  prolonged  action  of  such  infusions  he  attributes  to  the  osmotic 
pressure  of  the  colloids.  Proceedings  of  the  Royal  Society  of  London, 
Series  B,  No.  89,  pp.  380-393.  Tr.] 

Gums  usually  diminish  the  surface  tension  of  water.  The  a-  of  a 
20  per  cent  solution  of  gum  arable  is  9  per  cent  lower,  and  a  dilute 
solution  of  agar  5  per  cent  lower  than  that  of  water  (G.  QUINCKE). 
Some  kinds  of  gum  increase  the  surface  tension  of  water  (ZLOBICKI*). 

The  general  facts,  stated  on  page  66,  hold  for  the  swelling  and 
shrinking  of  gums.  On  swelling,  the  heat  liberated,  according  to 
E.  WIEDEMANN  and  CHAS.  LUDEKING,*  is  9.0  cal.  per  gm.  for  gum 
arabic  and  10.3  cal.  per  gm.  for  gum  tragacanth.  Wo.  PAULi*1  found 
that  a  rise  of  temperature  accompanied  the  swelling  of  carraghen. 

The  significance  of  crystalloids  for  swelling  and  turgor  has  been 
studied  chiefly  in  gelatin.  In  the  case  of  the  gums,  other  than  agar, 
no  investigations  of  this  point  have  been  made.  Though  the  prob- 
ability of  many  similarities  exists,  an  absolute  parallelism  cannot  be 
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assumed.  Thus,  for  instances  the  melting  fw.ttiit  uf  p-latin  H  rai*<rd 
by  grape  sugar  and  glycerin,  whereas  that  uf  auar  h  rvdurrd,  X^t  '1 
elevates  the  melting  point  of  ugar  and  drpiv.^i^  that  *»l"  p*latm  •.  H, 
BKCHHOLD  and  JL  Zn-xUiKH*-}. 

Agar  has  a  very  strong  tendency  to  £rlatiui/r;  rvru  I  urn.  j**-r 
liter  gelatinises  at  (f.  This  great  gclatini/tni;  capacity  lr«I  it*»ir.!tr 
KOCH  to  make*  his  culture  media  of  agar,  ami  prniuttt**!  in  ^r«*w 
cultures  of  hacteria  on  solid  nutlia  at  body  tfinpt-ratitrr.  <ir!a!tu 
media  which  had  lu»en  ust*d  ut  first  ni«4l  at  iiT't',,  umi  r«ml*L  m*- 
cordingly,  only  he  used  at  r<H«n  teiiip«»rattin*, 

Electrolytes  as  well  as  m>ni*li*rtrolytes  ntfrr  flu*  $»t*bttiit^ittiiit 
time  of  agar.  Nitrates,  iodids,  sulphoryatiM^.  lirii/MHt»-N,  urra  mul 
thiourea  Iengtlu»n  it;  chloriils^  hroinid*,  acrtatrn  and  ^nlt.'t  «*(  j«*ly-' 
basic  acids  short(»n  it. 

Cellulose  is  for  plants  what  hours  an*  fur  animal**,  It  form^.  ihr 
framework  which  maintains  their  slmpt4.  If  it  i^  tu  flu-,  funri  IM« 

it  must  be  ins<knsitive  to  the  chemical  iulhirmv*  t*f  thr  jin*-*--*, 

and  must  not  be  abh»  to  swell.     Wttttdrtt  rt-ltt*^  an-  l«y  >tn  im-an^  un- 
common; only  in   exceptiunid    tnstnan^   an*   fuH  *in4   pr  »•»)?»•    »^ 
gelatinous  const,itm»ntH  seen  uftrr  tliou  :ui«l*«  *ii  *•  11     an«t  'u*  n  ,*'4:*, 
under  very  unusually  favorable  condition**  A-  m  fh*   *$•  «*«  .  <m  t^ 
of  Egypt.     Wood^  c»ven  untmrbfnti/,rd»  i    a  muttfiHfi  ?•  h<  n  »*    -iii^  f 
Egyptian  urchiwilogistH  aud  truvi*H«  1  1  in  flit    fm  inufi   J-   M*     ?  t« 
it  has  frequently  been  preserved  in  our  own  rhim*.    ,uM  ^<rt    ^s 
water.    Oak  bridge  pilen  dating  frum  Houuti  tiiii^    h.»»  IHM*  »  *M  j 
in  the  Rhine,  wood  carvings  mid  uotHlru  lmrk«!    in  UK     **u»H'.  41, 
Sal/J-mrg,  fragmc»ntH  of  hmts  of  flu*  Ink**  i  t  sn  f  I  .  s,,  ,     t  ^^ 

ami  those  of  the*  Vikhtftt  in  the  pmt  Im^t  uf  \mili  i;*itiwi^   ,u..j 
Jutland.    Htability  of  form,  ijuifhrr  \iunK  a  ^«lhii*r,UM  »n 

makes  wotxl,  nckxt  to  ntonr,  nii'tal  unit  Ii«*nr,    iiit.iii^  fm  jii4ii»  ,,,4, 


("elluloHe,  the  principal  constitui*!!!  nl  wiwn!,  i  »M 
and  is  only  split  up  into  *olui»tt*  *unur»  rhti  tt\  ri 
strong  chemical  action  facidn  r«m(*riiYmt<ti  ur  i 

by  specific  fennentH  flmeteria  in  thr  itifi-.tinr  ,  u| 

(MluloHe  not  only  hiw  u  high  miMir]»ti\i*  riifu 
but  even  true  HUspc'iwionH  art*  fixnl  at  tlv  «nrf'i«v 
cellulose^  has  recently  been  ami  likt*  ctitirrti;il  ^  n 
filter  for  turbid 


CHAPTKU    IX. 
LIPOIDS. 

*'  Ltt'oiDs  "  in  tht«  rollt*rtivti  nam<*  for  fatty  substances,1  Many  of 
thrift  HIV  lint  fttiibffiird  liy  water;  however.  this  property  is  not 
charwterixtH"  of  nil  lipoiiis. 

/•'fi/tf  and  tnl;i  nn*  e*ter*  of  higher  futty  acids,  usually  with  glycerin, 
\vhirh  tuny  he  *uhstituted  hy  other  higher  alcohols;  for  instance,  a 
palmitic  nri«l  r^ttT  uf  n-iyl  alcohol  itrritr.?*  in  sprrmaevti,  f<»un<l  in  tlu» 
j*kull  uf  tin*  Hprnn^vhati*.  Though  in  othrr  fats  all  fhrrt'  l»y«lroxylrt 
of  ulyo-ria  nrr  n^plami  hy  fatty  arid  rntlinils,  in  tht*  hriihina  oaly 
twit  fatty  iiriil  radical  urt'ur,  aatl  thr  third  hytlroxyl  Kfuup  is  rc»- 
plart*il  hy  it  pltu^phorir  afitl-fhnlia  ratliral.  Cliultn  is  a  lriint*thyl- 


|'i«fiiii|I'i%  «4  I'»»l3.  I-'iiffillllfl  itf  I^ 

!  *J|,t  l-f^if  y  iirut  «  *lti<  >-rlMil»i-'j» 


f  11,1  >4.m!ty  j«n»!  CHj<  >-futty  un«l 

I^iniillv,  wt*  lulls!  rtii!H!ili»r  r/mfr,H/iT*H«  and  is<ichnh'Htrrinxt  which  w<» 

IUHV    ri'glif't!   »N  fftlllt|llr>fc   t«T|X'll<*S, 

HP*  rhanu'trriHtir/n/^,  th<*  trij^lyn'riili^,  art*  ua'wrsally  distrilnitvd 

in  tin-  aiuitml  Iniily,  whrri'  thry  pby  an  important  part  in  maintaining 
fin-  luwly  iit%'ift  whilr  in  pluats  th*«y  an*  tif  inurlt  h«xs  iiupurtatUM*. 
l.trithin$  iirt*  fniiiifl  iliM  filifttrd  t!ir*«igti<»iit  th««  animal  «>rKaaisni,  nut 
iiiily  in  tin*  rhtrf  it«'|»i»t^,  tin*  Imiiit,  n«»rv<tfjs  ti^HUt*  fj;rnrralty  itn«l  th»* 
iaicg  y»>lk,  l»iit  in  i*v«*ry  n*ll,  ««vrry  organ,  rvrn  in  tin*  lymph,  hlutid 
rorpUM'Ii***  JIIP!  !itti«*li*H,  In  plants  too,  lirithin  is  widrly  distrihtitrdy 
orrurrinUi  in  th«*  v^frttN, 

Tltr  fart  t  (ml  IrrilliiiiH  tinnir  in  all  parts  nf  thr  body  l^  an  t*vul«*n<M» 
*if  thru-  «rrat  ItiulugicHl  iinintrtanrr.  So  far  as  may  h«*  gatliiTrd 
fmiu  piTviiiii^  ri4^i*arrlit*M,  th«*y  play  an  important  rol<*  in  th«*  lift*- 


1    Viiri«*tt»  HiVr-if  injitufrt  j^ivr  tilflrrrlif   ilrfiillt  innrt  <»f  ill**  t*"fff*  "  lifHiitiH/'       !i,\\ti 

M-'*r.'»  it  ftuv)!   t»»rj«»'uvrly  iiii'l  r«*nnr*b  rvi-fytlniig  tit  tlir  liodv  ^ulultit-  in  orwmir 

^•Ivt'litri  Ji.'i  ll|i»*l*l,   ,S.    !^i|;\V»;  ytVlv*  tf  til**  IliilTiitti^f    «<**t|»r»  nipt  UM'ltldrM   *»ltlv   'illfn 

jiijiiP'r^  njitrh  furiii  rf4lt»i*i  ntituttniiH  in  i  *i'ii,:iiiir  nfilvriif  »i  f*-.*/,,  I't-filt'iliis^  n-rrhrtniiih. 
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processes  of  the  cells  and  in  the  adjustment  of  the  metabolism  be- 
tween cells  and  their  surrounding  media.  The  same  is  true  of 
cholesterin  which  is  frequently  associated  with  them. 

Fats  and  oils  are  not  soluble  in  water  and  aqueous  solutions;  but 
instead  they  are  easily  emulsified  by  a  great  variety  of  substances. 
A  few  drops  of  lye  suffice  to  make  the  finest  sort  of  subdivision  of  • 
oil  in  water.  It  is  still  an  open  question,  whether  this  is  accomplished 
by  the  lye  itself,  or  whether  it  is  due  primarily  to  soaps,  which  are 
formed  from  the  free  fatty  acids  always  present  in  fats  and  oils,  and 
which  themselves  act  as  emulsifiers.  Soluble  soaps,  i.e.,  the  fatty 
acid  salts  of  the  alkalis,  possess  remarkable  fat-emulsifying  proper- 
ties; this  property  is  also  shared  by  the  intestinal  juice,  the  pan- 
creatic juice  and  the  bile.  Emulsions  of  fat  and  oil  usually  occur 
in  alkaline  solution,  while  on  the  other  hand  acids  produce  floccula- 
tion.  There  are  exceptions  to  this,  e.g.,  the  lipase  of  the  castor 
bean  emulsifies  fat  in  acid  solution,  and  milk  curded  by  rennet  yields 
a  stable  acid  emulsion  on  digestion  in  pepsin-hydrochloric  acid.  In 
general,  fat  emulsions  behave  like  hydrophile  colloids;  they  are  not  as 
easily  coagulated  by  neutral  salts  as  are  hydrophobe  colloids  or  other 
suspensions. 

Milk  is  a  natural  emulsion  of  fat  (see  p.  345  et  seq.}. 

Though  in  the  examples  given  so  far,  fat  has  been  the  dispersed 
phase  and  water  or  the  aqueous  solution  the  dispersing  medium, 
conversely,  water  and  aqueous  solutions  may  be  incorporated  in  fats. 
In  this  case  fat  is  the  dispersing  medium  and  the  aqueous  solution 
the  dispersed  phase.  Instances  of  this  condition  are  butter,  cold 
cream,  which  is  cooling  because  of  the  water  it  contains,  lanolin,  as 
well  as  many  salves  and  liniments.  Structures  like  cream  and  whipped 
cream  occupy  a  characteristic  intermediate  position. 

Lecithin  behaves  in  a  very  peculiar  way.  It  forms  an  emulsion 
with  water  of  its  own  accord;  indeed  like  a  protein  it  swells  up  in 
water  into  a  turbid  colloidal  solution,  without  dissolving.  It  may 
be  said  that  it  occupies  a  place,  in  respect  to  its  colloidal  properties, 
between  the  emulsifiable  fats  and  the  hydrophile  colloids,  closely  ap- 
proaching the  latter. 

0.  FORGES  and  E.  NEUBAUER*  studied  its  properties  by  experi- 
menting upon  the  coagulation  of  lecithin  emulsions. 

The  precipitating  action  of  neutral  salts  is  in  a  lyotropic  series 
similar  to  that  for  acid  albumin,  in  which  the  greatest  effect  is  pro- 
duced by  the  anions.  Salts  of  the  alkaline  earths  and  the  heavy 
metals  frequently  yield  "zones  of  inhibition"  as  described  on  page 

7? 

84.     It  is  remarkable  that  neither  HgCk  nor  Hg(CN)2  even  in  •= 
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concentration  cause  precipitation.  This  is  iti  thorough  accord  with 
the  .solubility  of  such  substances  itt  fats. 

Lecithin  acts  toward*  colloids  and  suspensions  (ferric  hydroxid, 
mastic  suspension*  like  any  other  colloid  which  migrates  to  the 
unode.  Similarly  charged  colloids  cause  no  precipitation  (and 
lecithin  may  even  HI*!  as  a  protective  colloid  for  mastic);  oppositely 
charged  colloids  produce  tiocculation  in  suitable  mixtures  (ferric- 
oxid  hydro*oh,  Saponin  clears  lecithin  suspensions, 

Jlfii/Wif  lecithin  solutions  are  much  mure  .\*/aWr  in  the  presence  of 
wilts  than  aqueous  solutions.  Mercuric  chlorid  is  an  exception. 
Alcoholic  lecithin  solutions  protect  some  other  colloids,  f.{/.,  ulhumoses, 
from  the  precipitating  action  of  alcohol,  (L.  MICHAMMS  and  P. 
Hii\.\*>J 

Ktlierenl  lecithin  solutions  cause  some  otherwise  insoluble  sub- 
Htimee  to  dissolve  in  ether  (*',{/..  NnC  1  and  grape  sugar)*  Tins  prop- 
erty is  evidently  due  to  tin*  fact  that  in  ethereal  solution,  lecithin 
hu.'«  H  ureut  capacity  for  taking  up  water. 

t'hut* >J*rint  according  ft*  tit**  investigations  of  ().  PUICUKH  and  K. 
Xi,i  it\t  i;ut*  is  ii  Itytlrophobe  colloid.  Its  afjuecniH  t*mulsion  b«*have.s 
liki'  a  itt;t.4ir  **»Hpt«u^ion  in  the  presence  «»f  a  largi*  variety  of  salts, 
The  same  IH  triii4  for  it*  behavior  with  otlter  collimls.  In  ntHitral 
KotuftPii  it  H  pret'ijtitate*!  by  n»rtaiti  proportions  of  albumin  and 
Hjijwttitt,  Li't'ttltttt  may  act  as  a  protective  colloid  for  eholesterin. 
I li-uii^tlt-riit  forms  a  tme  solution  in  alcohol  and  ether,  and  in  nuch 
iH  exhibits  IHI  cttlhmt  precipitation  rear-twiw. 


CHAPTER  X. 
PROTEINS. 

WE  designate  as  proteins  a  group  of  nitrogenous  colloids  which 
are  the  chief  constituents  of  animals  and  plants.  They  consist  en- 
tirely or  chiefly  of  substances  which  contain  quantitatively: 

Per  cent. 

C 50-55 

H 6.5-  7.3 

N 15-17.6 

0 19-24 

S 0.3-  2.4 

One  of  the  chief  characteristics  of  most  of  the  dissolved  albumins 
is  their  coagulability  when  heated.  The  effect  of  heat  on  undis- 
solved  proteins  is  shown  by  the  loss  of  their  capacity  to  swell;  they 
are  "denatured."  Hydrophile  colloids  become  hydrophobe. 

A  host  of  the  most  diverse  substances  are  included  under  the 
generic  term  "albumin."  It  includes  water-soluble  substances  such 
as  egg  and  serum  albumin,  and  substances  soluble  in  saline  solutions, 
as  globulin,  vitellin,  myosin  and,  finally,  such  substances  as  are  solu- 
ble neither  in  aqueous  nor  in  saline  solution,  for  example,  fibrin. 
We  know  that  there  exists  in  each  plant  and  in  each  animal  a  distinct 
serum  albumin  and  a  distinct  serum  globulin,  etc.  In  the  chapter  on 
"Immunity  Reactions,"  we  shall  return  to  the  species-native  charac- 
teristics (Artspezifitat)  of  proteins  (see  p.  194).  We  shall  not  speak 
of  these  distinctions  here,  but  we  shall  dwell,  rather,  upon  the  prop- 
erties that  the  different  proteins  possess  in  common. 

Colloid  research,  in  a  negative  way,  by  destroying  a  large  number 
of  false  conceptions,  has  been  of  great  service  to  the  chemistry  of 
proteins;  and  it  is  in  a  position  to  establish  new  principles,  since 
only  a  few  proteins  crystallize  and,  with  others,  common  methods  of 
purification  are  unavailable.  Absolutely  misleading  methods  have 
been  relied  upon  to  separate  and  distinguish  proteins.  It  was  form- 
erly believed,  e.g.,  that  the  coagulation  temperature  of  different  proteins 
varied,  but  colloid  investigations  demonstrated  that  small  quantities 
of  electrolytes  could  raise  or  depress  it  to  a  great  extent.  By  pre- 
cipitation with  copper  sulphate,  E.  HARNACK  believed  that  he  had 
obtained  characteristic  copper  albuminates,  and  other  observers  that 
they  had  obtained  characteristic  silver  or  calcium  albuminates. 
Colloid  chemistry  has  shown  that  the  different  amounts  of  copper, 
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silver,  etc.,  contained  in  such  precipitates  depend  ujxtn  flu*  concen- 
trations of  tiu*  solutions  of  albumin  and  of  electrolyte,  ami  flint 
precipitates  of  constant  constitution  are  always  obtained  under  the 
saint*  conditions.  Fit.  X.  Srw'i//,  and  H.  ZHJUMUNUV  showed  that- 
cri/stttllizftt  egg  albumin  which  had  adsorbed  colloidal  metallic  gold, 
rccrystalHzcd  with  it. 

AH  tlu*  result  of  such  observations  we  become  very  sceptical  con- 
cerning I  fit*  M  purity"  of  proteins.  However,  it  is  ju*t  such  explana- 
tion of  earlier  errors  which  shows  us  upon  what  facts  we  may  really 
depend,  und  gives  to  science  a  new  method  and,  in  part,  a  new  course. 

Before  we  describe  the  few  proteins  which  have  been  studied  colloid- 
chemically,  we  shall  consider  briefly  some  of  their  general  properties, 

One  of  the  most  ehuruet  eristic  properties  of  many  protein*  \* 
ciHtyultttitw.  It  may  be  brought,  about  ,  either  by  a  rise  of  temper- 
ature I  heat  coagulation)  or  by  chemical  means. 

Most  of  the  coagulations  due  to  the  salts  of  the  light  metal*  ant  I 
some  of  those  due  to  the  alkaline  earths  are  reversible,  i,r,t  the 
coagulations  reverse  themselves  by  the  addition  of  more  wziter.  tlrnt 
ctHttfultititw  ant  I  coagulation  due  to  many  of  the  xnlfs  t*f  thr  hrnt'y  mvhth 
are  irreversible.  The  coagulations  due  to  alcohol,  acetouc  and  ether 
are  intentiedyite»  that  is,  thi*  coagulation  produced  is  itt  iir^t  soluble 
in  water  but  becomes  insoluble  after  a  while,  tSlobuiin  which  has 
been  preserved  for  a  time  in  pure  water  behaves  in  H  similar  \\-i\\\ 
for  it  then  becomes  less  soluble  in  suit  ?*tilutit»ns. 

Though  reversible  coagulation  may  be  viewed  a-*  u  purely  physical 
mtiing  out  (nee  untler  this  heat  ling.)  a  rlirwinil  rli<iwi|r  mu.Hl  he  unturned 
in  the  f?im»i4  of  irn*vi*rsibl«*  roagtilation*  Many  ht*avy  metaU  form 
insoluble  complexes  with  nlhumm  (st*<*  p,  tall,1  Irreversible  coagu- 
hit  ion  by  heat,  alcohol,  ett\»  may  l«*  ex[>lain«*d»  pimsihly,  by  a  chemical 
transformation.  The  fart  that  the  U  ton  concentration  dimimsherf 
after  heat  coagulation  in  in  favor  of  this  view  (SUUKXHUN-  an«l  Jtv««i- 
HKN»*  H*  CtiifK  ittid  <\  J.  M,\imx,*  t!«*A«iUKietttM*o*).  In  flit*  rw 
of  heat  eoagulutioni  water  apjH»aw  to  enter  the  albumin  molecule, 
lw*catiHt*  al>Hulutely  dry  hemt»gl<ibin  antl  alhumut  may  br  hent«ft{ 
fo  120**  (\  without  losing  their  fitiliibilify  tit  witter  CH,  <*tu«'K  »«d 
(\  J»  MAUTrNf*).  I^oHHibly  this  in  tbt*  initial  ntage  e»f  hri  truly  HIM,  wince 
according  t-t>  !li:iei7*Kt4*Kti*  the  surface  teinton  «»f  sjilt-ptiur  alhttmin 
Holutitttm  is  tetnjK>rarily  dt*pre>w<«tl  upon  boiling,  just  as  occur*  tijnm 
hydfolyni«  !>y  ix»p»in,  trypstn,  etc.  Irreversibly  coagitl:ifi*d  albumi* 
n<nw  jH*llicles  may  IH*  f<irm*»<I  merely  by  shaking  with  iiir  t^***  p,  .*H), 


liiw  nhown  fltiit  lifter  lit**  n1*t«»rj»ti«m«»f  ntHhiilil*  *'•:••  *<f  •$»»#.  |w 

i»f  Hwriuiric  rhUirttl!  1*0  trriitiitriit  nvialn.    Jtitir,  Am.  Mt*»l.  Amn^-mii^n,  v**l.  Tt.lf 
p,  H24,    Tr.) 
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Though  native  albumins  are  usually  hydrophile,  they  become  hydro- 
phobe upon  heat  coagulation.  Traced  of  acids  and  salts  cause  precipita- 
tion. The  precipitate  of  albumin  induced  by  freezing  is  irreversible. 

Albumin  may  be  partly  changed  to  globulins,  and  ultimately 
coagulated  and  precipitated  by  light,  particularly  light  of  short  wave 
length  (G.  DREYER  and  HATJSEN,  CHALUPECKY),  ultraviolet  rays  are 
particularly  intense  in  their  action  (BOVIE).  This  is  especially 
significant  for  some  future  explanation  of  the  action  of  sunlight  on  the 
organism.  SCHANZ  attributes  to  it  the  clouding  of  the  crystalline 
lens  in  cataract.  The  rays  of  shortest  wave  length,  the  Roentgen 
rays,  coagulate  albumin. 

A  number  of  proteins  have  been  crystallized  (e.g.,  egg  albumin, 
horse  serum  albumin,  hemoglobin,  aleuron)  and  though  the  shape 
of  the  crystal  is  characteristic  for  the  kind  of  albumin,  nevertheless 
it  is  impossible  to  obtain  the  crystals  absolutely  chemically  pure  as  in 
the  case  of  crystalloids  (see  p.  71). 

Albumin  solutions  have  been  studied  ultramicroscopically  by  E. 

RAHLMANN,*2  E.  VON  BEHRING,  H.  MUCH,  ROMER  and  C.  SlEBERT,* 

by  L.  MiCHAELis,*1  L.  PINKUSSOHN*  and  J.  LEMANISSIER.*  The 
results  expected  at  the  outset  were  not  realized,  so  that,  in  recent 
years,  there  has  been  little  heard  on  the  subject.  In  my  opinion 
this  is  unfortunate;  I  am  inclined  to  believe  that  valuable  data 
might  be  gleaned  from  a  properly  controlled  ultramicroscopic  study 
of  proteins.  It  is  evident  that  a  large  part  of  albumin  solutions  is 
amicroscopic,  so  that  only  such  portions  are  seen  as  show  a  different 
refraction  than  water  or  physiological  salt  solution.  An  albuminous 
solution  shows  a  different  number  of  ultramicrons,  entirely  depend- 
ing upon  whether  it  has  been  prepared  in  water  or  in  physiological 
salt  solution  (MICHAELIS)  ;  and  with  different  dilutions  depending 
upon  the  salt  content,  a  different  number  of  small  particles  become 
visible  (RAHLMANN).  On  this  account  L.  MICHAELIS  and  J.  LEMA- 
NISSIER do  not  share  the  opinion  of  E.  RAHLMANN  and  the  school  of 
E.  VON  BEHRING  as  to  the  suitability  of  ultramicroscopic  observa- 
tion for  the  quantitative  determination  of  albumin,  e.g.}  in  the  urine. 
Great  interest  must  attach  to  ultramicroscopic  observations  of  the 
cleavage  of  albumin  by  pepsin,1  the  influence  of  therapeutically 
active  substances  (ferric  chlorid,  alum,  tannic  acid,  silver  nitrate, 
copper  sulphate,  collargol,  etc.),  as  well  as  the  effect  of  dyes  on  solu- 
tion of  albumin  (RAHLMANN).  A  few  submicrons  were  found  by  J. 
LEMANISSIER  in  albumin  solution  and  many  in  hemoglobin,  but  they 
disappeared  in  24  hours. 

Ultrafiltration  of  albumin  solution  is  still  in  its  infancy.  H. 
BECHHOLD  has  shown  that  the  particles  of  serum  albumin  are  some- 

1  [Already  observed  by  J.  ALEXANDER.    Jour.  Am.  Chem.  Soc.,  Vol.  XXXII, 


PltOTKINS  145 

what  smaller  than  those  of  hemoglobin.  Unlike  ferments,  proteins 
are  not  .strongly  adsorbed  by  filter  material. 

All  albumins  an*  umjihuttric  <7<r/w/i/?<'.s,  Lt\>  they  yield  II  and  OH 
Ions;  otherwise  expressed,  they  have  at  the  same  time  the  character 
of  weak  acids  and  of  weak  bases,  with  the  aeitl  character  more  or  lean 
in  excess,  The  consequences  resulting  in  the  ease  of  albumin  have 
been  discussed  more  extensively  on  p.  154. 

The  iNfH'ftrfffV  point  in  that  when*  the  sum  of  the  II  and  OH  ions 
is  least.  This  point  acquired  es|x*eial  significance  from  the  studies 
*>f  L  Mit'UAKUs  who  showed  that  the  isoelectrie  point  was  chantc- 
t eristic  for  each  albumin.  Hint  albumins  are  most  easily  precipitated 
at  this  point  was  also  demonstrated  [by  H.xuuv.  Tr.j.  In  this  reajieet 
they  beluive  like  crystalloid  electrolytes.  Neutral  molecules  are, 
much  more  difficult  to  dissolve  than  their  ions.  Acids  slightly  dis- 
sociated electrically,  r.f|.»  uric  arid,  salicylic  acid,  quinine,  an*  much 
more  difficult  to  dissolve  than  their  strongly  dissociated  Halts. 

AdmwjrtitiH  fthrmtwt'nn  are  of  great  int|H>rtance.  Proteins  may  be 
strongly  adsorbetl  or,  (»n  the  other  handt  exert  n  jniwerftil  nciHorptioth 
The  purely  physical  phenomena  are  complicated  by  the  intermingling 
of  H|H*etlie  eltetitii'iil  proper! ies  antl  thus  very  decided  differences  IH*- 
twt»en  the  various  groups  of  albumins  lire  brought  to  light. 

l*mt*'inn  n#  AtlMwlwtl  tiuluitttnwx*  A<lsorption  l»is  been  inosi 
carefully  studied  in  the  rune  of  nthuntin.  As  a  result  of  its  faint 
acidity  it  is  completely  nd«irbed  by  ferric  oxid  bydrogel,  but  mastic, 
und  kaolin  suspensions  on  the  contrary  adsorb  it  only  in  faintly 
add  solution  (L,  MICUAKUS  und  I1,  KON*A*K  On  this  account,  any 
HUsjH*UHion  may  be  t*mployed  /**  rrmurr  idbuiiitn  from  nritt  solutions, 
r.(/M  itrine^  whereas  an  eleetrojxiwtive  adnorbent  Cr,i/M  ferric  tixid  gel) 
must  be  chosen  in  the  ease  of  nmtml  Htiidn,  Although  the  distri- 
bution between  solvent  and  adsorbent  has  the  shu|M*  of  an  ndsorp- 
tion  curve,  it  ntust  nevertheless  be  emphasised  that  th«*  procean 
(adsorption  by  irou-<>xult  cellulose  nnd  kaolin)  is  only  incompletely 
reversible,  thus  resembling  the  phenomena  of  ilyi*iug  (W,  Bn/r/,*1}. 
The  lid^ofption  of  cuglubulm  by  kaolin  (\\,  LANWTKISKH  iwitl 
rtiuu/.*)  in  to  be  explained  in  u  sunilar  way. 

t*rutnnx  nx  AtlMrlH-ntx.  Froteiiw  nrc*  frequently  um*d  m  tidsorb- 
ent  both  in  u  solid  nnd  in  it  denatured  condition.  They  Ink**  up 
acids,  alkalis,  salts,  dyes,  etc,,  from  solution,  in  iircordttnce  with  the 
formula  of  nit  adsorption  curve.  lit  my  opinion  it  is  best  to  regard 
thecomjioiind  its  an  ndsorption  whenever  the  chemical  const  it  tit  ion  of 
the  adsorbed  Huhstuucc  Is  unknown  or  when  it,  itself,  {Hisses^eK  col- 
loid properties.  To  view  the  facts  from  the  standout  of  chemical 
constitution  (nee  p.  154),  a  viewjHiiut  which  preHUpjKJH<*H  a  more 
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exact  knowledge  of  the  mechanism  of  the  reaction,  seems  to  me  to  be 
a  still  more  advanced  step. 

Adsorption  by  protein  in  solution  is  more  important  than  ad- 
sorption by  solid  proteins.  By  ultrafiltration  it  might  be  possible  to 
investigate  the  distribution  between  a  dissolved  colloid  and  a  crystal- 
loid. In  this  connection  I  am  acquainted  only  with  the  investiga- 
tions of  H.  BECHHOLD  on  the  distribution  of  methylene  blue  between 
water  and  serum  albumin  (see  p.  26). 

THOMAS  GRAHAM  and  R.  0.  HERZOG*G< determined  the  coefficient  of 

D  cm2. 

diffusion  of  egg  albumin  and  ovomucoid   to  be   f-   •  105.     Its 

M  seconds 

values  are  in  the  case  of 

Egg  albumin 0.063  (at  13°  C.)  measured  by  GRAHAM,  calculated  by 

STEFAN. 

Egg  albumin 0.054  (at  15.3°  C.)  according  to  HERZOG. 

Egg  albumin 0.046   (at    7.75°  C.)  according  to  HEEZOG. 

Egg  albumin   [crystallized  with  3.6% 0.081    (at   16°  C.)   according  to 

DABROWSKI*  (NHOaSOJ. 

Ovomucoid 0.034  (at    7.75°  C.)  according  to  HERZOG. 

Glucose 

(for  comparison)  .  0.57   (at   18°  C.) 

From  these  figures  the  radius  r  of  albumin  particles  has  been 
calculated  for 

Salt-free  egg  albumin 2,43  M 

Crystallized  egg  albumin 1,37  MM 

[with  3.6%  (NH4)2SO4] 

This  diminution  in  the  size  of  the  albumin  particles  in  the  presence  of 
(NH4)2S04  coincides  with  what  we  shall  learn  of  the  other  effects  of 
neutral  salts  on  albumin  (see  p.  151). 

When  solid  albumins  go- into  solution  there  occurs  a  diminution 
in  volume  amounting  to  about  5-8  per  cent,  as  is  the  case  with 
starches.  (H.  CHICK  and  C.  J.  MARTIN.*) 

Egg  albumin  and  serum  albumin,  globulin,  casein  and  fibrin  have 
been  most  carefully  studied  colloid  chemically. 

ALBUMINS. 

.Albumins  are  soluble  in  water,  and  in  dilute  neutral  salt,  and  in 
acid  and  in  alkaline  solutions.  They  are  usually  found  in  the  com- 
pany of  globulins  and  there  are  reasons  for  believing  that  they  may 
be  converted  into  globulins  by  moderate  heating.  Albumins  occur 
almost  exclusively  in  serum,  in  eggs  and  in  milk;  the  existence  of 
plant  albumins  is  not  yet  definitely  established. 
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In  flu*  organism  proteins  only  orrur  urcotnpanird  l»y  <*h'<*trolyU'S 

\vhirh  grn'tfly  modify  lltrir  propt*rti«'s.  On  thi*  at'rotmt  wr  .shut!  try 
In  grt  nti  id«*a  of  ntlnimin  nnnxxttcinh'tl  with  t'ln'tn*h/h's  In  ordtT  to  un- 

derstand the  ififliiriirt*  of  th**  addition  of  rlrrtrolvtt'S. 

Electrolyte-Free  Albumin,1 

VVoM-'iasii  l*.\ru  nhtaitird  nu  alhumin  fiv«»  from  <»li*ctrolyt»*s  hy 
dial.VMitK  o\  st*rum  in  t»losrd  vessels  for  right  weeks.  After  standing 
undisturhed  f**r  M'vernl  week*.  tin*  srruw  w-as  filtered  and  was  found 

In  furnish  n  MaMe  rry^fjil-i'lritr  ftuitt,  Hoilinu  nnd  thr  addition  of 
nlt'ohoi  roiupli'ti'ly  roauutsitt'd  ttir  solution.  Surh  altuunin  in  am- 
plmtrrir  with  a  w-**akly  »«lrrtn»n**uaHvr  rlmw",  su  that  it  tu  insists 

rliirtl)"  Hi  lit'Htiiit  anil  vi-ry  ^linjitly  ioni/rtl  partiol**s9  whtrh  migratt* 
!ti  hntli  $4r**tn»dt4:H  in  an  rltn'trir  t5*4ld  i!»,  Mtt  tt.\Kt4.n*;lfa  Arooniin^ 
1i»  I,.  \lii  it  \i-:t4H  and  t*  tfo\\,  llit*  iso«»lrrt  rir  point  for  s«*rnm  al- 
Itiiisiili,  at  whirh  llwn-  I"-  tin*  I'jrrati'st  lt*iidi»nry  to  prt'tMpitation,  otvnrM 
with  JIM  H-iun  rtincM'ntnittou  of  2JU  ;*;  for  hoilt*tlt  dnmturcd  Hrrttni 
v\h«*n  th**  H-i*»n  t'Mnr«*ntrati«m  is  1,1(1  IS,  If  inwast's  tlu* 
iiil  frtt'litiit  i  if  u"itri"  ron.si*li*ral*ly»  If  tin*  frirtttw  rot*litrii*itt 
itrr  i,M  ri-|$rr:Hriifrd  hy  HKK*,  ii  I  jM*r  n*nt  ntiipholrrir  alhtttnid 
tt  nt  t!«'  HUIUI*  tfiujH*rattirt»  will  In*  HH»S.  An  i*«iuinioli*iMihir 
I  jH*r  rrnt  .Hjtlt  solutittit  i'lillHrH  liti  drtuotist  ttttilt*  rhuiigr  ill  thr  rtK'Hi- 
rimt  of  frtrtiuit  «»f 


\VV  Mt*i'  in  tfii-  ftilltiwin^  pa-u*4H  ^1^^  nlhuiatn  UMtmlly  has  n 

piiiriiiil  ititlttrrirr  tin  tlir  Multihility  of  Huh^tiinrrs,  It  I.H  ii  mmirk- 
!il»|i«  litr  Hththiltty  of  i"!irl«intr  arid  U  tttr  sain**  in  nit 

iiiliiiiiiiii  NO!  HA  if  i-i«  in  wiilrr  iA»  Fi\J»i«n*n  This  i^,  all  OM*  iiiort*  rr- 
!iiiirkii}4i*  niurr  stafrht***  mid  ^i^liitiii^,  itt  nwtttidisiinrtiun  ^fl  nlhuinin, 
up*  vrrv  iirftVr  til  iiffrrttliyj  thi*  Niiltihllit  y  of  rarhoitic  ai'id,  Thin  »H 
|ihy^it>|M|(if*aH>-  iiii|«ir!riitt,  ^iin*r  «*rtim  i*ititMrtjtit*itt!y  jiliiyn  nt»  part. 

1  T!p«  r*«liHi«i-riti-!iiiriil  r»llt|»tv  ««f  proli-iu;*  ti  •  i&  mntis|i!nitrf  I  Ii)4  F,  Hot-  tU'.i.'vM-tt 
iiii4  iit'i  |tt||»tht  III  IT«'P|if  Ilium  llirV  h?U"«'  li«s»'!i  *iftf»itt«il  fhtrtty  hy  Wo,  !*4I"I4 
?if§4  Li's  «^»'i%«»iLr|-i  $11  Jill$ii«"l-«*il'i  r%j«'Jr|t|iHit!ii  IIIVi*.»*h|Hat$«»U'*.  \V  r  tt't^lt  i-ij»i« 

fi-jilh  !*»  *'•;%!!  jnf  !*'i»ii»  in  to  \Vu.  l*4»  s.}  nipt  II,  It  A\t**)\^tv\(  Ui»VMl-;t!»t»i;n'i»  Hfitf.  *, 
fVii»  I'la^U  »r  J'..|il*Ml  ,  II,  II:,  Its.  linirip'itj.  Xriim-J«r.,  It*  |»ji.  :UO  :«7I.  /,*«'. 

n!  .  S4j  ;,?;is*  ;*«*;*      l-'iirfht-t  r*-f»*ri'n»-*v»  sn  ih«-  lr\i  I»»««U  itf  It,  Ftiu  \i-»i.i*-li  Mtt  I  Wo, 

I  int'i%  .ii.i*  *-i  w-rll  iw  its  if    Ii  .i.^fini'ii*^.  K*»H  "XHt^'hr,  4  iwi«t  I  ••  I*ilo*. 

•  S»i»'*-    rtt»   ;il»%i«liifrh'   ii.*|i--fr»i-   iilfitiiiiiii  rjitifpit   |»*-  iiri'fintvti   |iv  «liiilvMi;*  iin 

al^ilfii   !»%•    llir    inVr;'tf  |^ii!l*tfi-i    nf    |*\t"|.t    Hli»l    th*<    illi|ilti»ltn||i'4    rVjM-rilli^Mtrt    »if    II, 

llrt  iisiMi,.!*  .i!»4  ,1    Xu..*ri  u,  ii  \-*  :i.]»)*<krruf  fhiU  th«'  n«« 

til  |itifr  iiiJitiliiiii  in  fp.4  Vi"l  ilrltlill*-!)-  4t"l«-rfliill«.L 
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in  respiration.  I  have  no  knowledge  of  researches  as  to  whether  the 
H-ion  concentration  of  water  containing  C02  is  affected  by  ash-free 
albumin. 

WOLFGANG  PAULI  and  M.  SAMEC*  have  commenced  exhaustive 
studies  into  the  influence  of  albumins  on  the  solubility  of  electro- 
lytes. They  employed  a  serum  albumin  solution  which  had  been 
dialyzed  eight  weeks  and  contained  2.23  per  cent  of  albumin.  All  the 
readily  soluble  electrolytes  investigated  showed  a  slight  decrease  in 
solubility  as  compared  with  pure  water.  The  solubilities  were  as 
follows: 


IB  100  gm.  water. 

In  100  gm.  serum 
solution. 

Ammonium  chlorid   ...             .    . 

28.49 

27.9 

Magnesium  chlorid  

35.94 

35.51 

Ammonium  suphocyanate 

62.46 

62.06 

Contrariwise,  the  solubility  of  difficultly  soluble  electrolytes  was  de- 
cidedly increased  by  the  presence  of  albumin. 
The  solubilities  were  as  follows: 


In  100  gm.  water. 

In  100  gm.  serum 
solution.    - 

Calcium  sulphate 

0  223 

0  226 

Calcium  phosphate  CasCPO^  

0  Oil 

0.021 

Calcium  carbonate  

0.004 

0.023 

Silicic  acid  

0.023 

0.030 

Uric  acid  

0.040 

0.057 

Having  in  view  the  deposition  of  urates  in  gout,  H.  BECHHOLD  and 
J.  ZiEGLEK*3  undertook  exhaustive  studies  of  the  solubility  of  uric 
acid  and  urates  in  electrolyte-free  serum.  Since  even  traces  of 
NaHCOa  (in  the  case  of  uric  acid)  and  Na  salts  (in  the  case  of 
Na-urate)  may  greatly  influence  the  solubility,  before  dialysing  the 
serum,  HC1  was  added  until  the  NaHCOs  was  completely  neutra- 
lizedt  and  the  last  traces  of  Na  salts  were  removed  by  repeated 
additions  of  KC1.  Each  addition  was  followed  by  dialysis.  In 
this  way  the  following  solubilities  of  Na-urate  and  uric  acid  were 
obtained  in  electrolyte-free  serum  albumin  solution  containing  7.6 
per  cent  albumin  (expressing  the  percentage  in  relation  to  the  entire 
quantity  of  protein  in  defibrinated  blood  serum)  at  37°  C. 

In  1000  gm.  serum  albumin  solution  (in  1000  gm.  water) : 

Uric  acid,  549  to  668  mg 64. 9  mg. 

Monosodium  urate,  476  to  568  mg 1200  to  1500  mg. 


The  al)ility  to  decrease  the  .solubility  of  easily  soluble  *«!t'ctrolytt»<4 
and  to  increase  the  solubility  of  diflieultly  soluble  electrolyte-  is  nut 
a  specific  property  of  albumins  but  is  common  to  colloid*  in  general, 
e.g.,  gelatin, 

Albumin  and  Hyclrosols*  The  exhaustive  studies  of  I'.  Kim;w> 
MANN*  show  that  elect  rolyte-free  serum  and  t«gg  albumin  HIV  pre- 
cipitated both  by  positive  and  negative  inorganic  hvdro*«»l*.  An 
optimum  precipitation  /one  exists  here,  as  if  doe*  in  uther  colloid 
precipitations.  Kxeess  c»f  albtuuin  or  intir^nnit'  hyttru.Mil  hinilfi'^  lit*4 
precipitation.  Addition  of  Nad  shifts  the  /one  of  jnveipitHt$«m 
without,  however,  conforming  to  any  definite  taw.  As  nn 
I  might  mention  the  preciptt.utittn  i  X  X  >'.  *  of  albumin  l»y  diiui 
ing  (juautities  of  molyhdie  acidf  with  nnd  \vitltt*uf  added  Nat  *1, 


0  *r>  i  o  *  *  * 

01  i  tt  *  *  •• 

0  tla  t  0  •«•    *   *; 

(i  cnw  i  '  x  •  *  o 

O.Wi          :  I  *,  -.  *.  0 

I)  (KJT>  I  -   *;    '*.  *,  <-.  t» 

As  the  result  of  cataphon*tic  experitufiitH,  r.  t|PlUt';t»t>r.M.\\\  be* 
lieves  that  the  charg«*  of  proteins  towurdn  \\uter  i?->  nut  delt-rmuuif  ivr 

of  their  precipitation  by  inorganic  hydroMils.  Albtituiu  \vh$rh 
travels  to  the  anode,  notwithstanding  this  fact  give*  heavy  juv- 
cipitateH  with  inorganic  liydrt»s«»l>»  (nrseiiie  tri^tilfiliid,  '-tilieie  aeid, 
inolylgltc  acid).  There  in  much  to  justify  fli*s  a^^uiujitMtu  «*f  t\ 
FtUKOi'fMA.NX  that  a  given  hydro*!*!,  neconling  to  if^  ehnrge,  eujlerl^i 

at  tin*  t  or  chargt*  of  the  nmphoteric  albtuniu,  tliti.^  |H*rmitt$ng 

itn  aggregation  tti  larger  complexes, 

The*  albumin*  appear  t<t  act  with  proteins  i*/f!f/ff*,'iv  Im  n*  fhrituue't) 
or  ncitl  r  hnrncirr  just  im  they  do  with  tuurguuit*  hvdmttil^  't  ,  i'«u,iii^ 
MANN  and  H. 


Influence  n/ 

If  an  electrolyte  is  added  to  itn  fifnjtftcjf^rtr  tilbutuiu,  th«* 
of  the  albuiiiiii  undergo  cunsidtTnbtr  mtHiilicntiuii,     ,vnll^  i-vt-n  in 
very  small  i|iiiuititieH  ihiiiidrrdth  nornmh,  nnur  llir  rtuii|iiliili*. 
/>ir«/i/rr,  us  5s  shown  in  the  subsequent   ccmguluti 
taken  from  a  table  compiled  by  Wo,  PATU  itntl  If, 


li*.ni 
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Salt 

0 

0.01  n 

0.02n 

0.03n 

0.04n 

0.05n 

NaSCN  

60.  3°  C. 

68 

69.7 

70.6 

71   6 

72.5 

Na2S04  

60.  3°  C. 

66.7 

68 

68.5 

69  1 

69.7 

NaCl 

60  3°  C. 

63.16 

65.7 

66.4 

67  2 

67.9 

NaC2H3O2  

60.  3°  C. 

66.9 

69.2 

70.6 

71  5 

72.1 

KSCN 

64  6°  C. 

68.3 

69  5 

70  3 

This  table  shows  the  remarkable  fact  that  the  first  traces  of  salt 
have  a  much  greater  influence  than  somewhat  greater  concentra- 
tions. 0.01  normal  Na2S04  added  to  salt-free  albumin  raises  the 
coagulation  temperature  about  6.4°  C.  while  a  similar  addition  to 
albumin  already  containing  0.04  normal  Na2S04  raises  the  coagula- 
tion temperature  only  0.6°  C.  We  shall  show  the  significance  of  this 
fact  later. 

If  the  salt  is  more  concentrated,  coagulation  by  heat  varies;  the 
coagulation  temperature  rises  continuously  in  the  presence  of  K,  Na 
and  NH4.  Thus  for 

3  normal  KC1,  coagulation  occurs  at  75 . 6°  C. 
3  normal  NaCl,  coagulation  occurs  at  73.6°  C. 
3  normal  MgCl2,  coagulation  occurs  at  75.4°  C. 

The  coagulation  temperature  reaches  a  maximum  at  a  certain 
salt  concentration  and  then  falls  again  in  the  case  of  other  salts, 
especially  alkaline  earths  and  the  allied  lithium. 

Maximum  coagulation,  temperature,0  C. 

6  normal  NH4C1 72.8 

2  normal  (NH4)2S04 74.3 

1  normal  LiCl 73.8 

0.5  normal  CaCl2 71 .4 

0.5  normal  BaCl2. 72.2 

0.5  normal  SrCl2 72 

Some  of  the  magnesium  salts  may  completely  inhibit  heat  coagu- 
lation; MgCl2  below  6  normal,  Mg(N03)2  below  4  normal. 

Cations  also  may  be  divided  into  different  groups,  according  to 
their  influence: 

In  the  case  of  S04,  Cl,  Br  and  NOs,  there  is  a  greater  rise  with 
lower  concentrations  (up  to  0.5  to  about  1  normal)  then  a  smaller 
rise  up  to  1  normal.  In  the  case  of  SON  and  I  the  inhibition  from 
1  to  2  normal  is  so  complete  that  no  coagulation  occurs  even  at  the 
highest  concentration  of  the  salt.  In  the  case  of  citrate,  acetate 
and  oxalate  the  coagulation  temperature  rises  sharply  from  0.05  to 
0.1  normal,  whereupon  the  curve  again  falls.  Obviously  this  is  as- 
sociated with  the  strong  hydrolytic  cleavage  of  these  weak  acids  in 
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the*  presence  of  strong  alkalis,  whereby  there  is  formed  more  or  leas 
alkali  albumin  whieh  is  not  coagulated  by  heat. 

We  have  discussed  these  questions  separately  in  order  that  we  may 
obtain  a  picture  of  the  complicated  relations  whieh  also  reappear  in 
the  other  properties  of  albumin. 

Heat  ctHujnlatinn  involves  two  overlapping  processes;  albumin  be- 
comes inwlnhle  and  it  flocculates.  WOLFUAXU  PATU  and  II*  HAND- 
OVSK.Y  demonstrated  this  very  simply;  a  mixture  of  albumin  with 
2  normal  KSC'N  was  boiled  and  a  portion  of  H  dialyzcd  against  run- 
ning wa,ter.  The  control  portion  remained  clear,  but  the  portion  from 
which  the  KS<  'X  wan  removed  by  dialysis  showed  marked  floeculatioiu 

A  further  influence  exerted  by  neutral  salt  upon  amphoteric  al- 
bumin is  tltt*  change  in  mms/Y//t  the  internal  friction.  Although 
XaCl,  XaSrX,  Xu-jSO*.  (*a('l3  and  KSCX  in  concentrations  of  (MU 
to  0.05  normal  raise  the  viscosity  of  water,  they  depress  that,  of 
amphoteric  albumin  solution.  If  the  salt  concentration  rises*  the 
diminution  in  the  viscosity  of  albumin  may  finally  be  exceeded  by 
the  increase  in  the  viscosity  of  the  water,  as  occurs  in  fact  at  0,1 
normal  Nad  and  fXfI|USO.j,  ('loser  observation  reveals  a  far- 
reaching  iHimltelixm  helm-en  the  influence  of  neutral  salts  on  heat 
cwtyulatitin  and  mrmif//. 

If  non-nctitrul  salts,  or  salts  strongly  dissociated  hydrolytically, 
(NujPO*.  Xafiro.u  AH  14!  are  allowed  to  act  on  amphoteric  al- 
bumin, the  result  is  quite  different,  since  even  minute  traces  of  neid 
or  alknli  form  acid  or  alkali  uflwmms,  whicli  behave  quite  differently, 
us  wts  shall  set*.  Wi'lh  higher  wi/l  concentmtion  tlu*  albumin  in 
out  **r  fUu*(*uIated.  Neutral  salts  of  tin*  nlknlix  us  wrll  as  waif 
caum*  a  reversible  salting  out  such  as  occurs  also  with  salts  of  the 
alkaline  earths!  though  after  a  very  short  tint**  an  irreversible  coagu* 
Iftlton  sets  in.  Some  of  the  salts  of  the  heavy  metals  cause  an  im- 
mediate irreversible  coagulation.  With  the  alkali  salts,  thr  rut  ions 
(Li,  K,  Xii»  Xllii  do  not  materially  di!T««r  in  their  suit  ing  out  action, 
but  the*  unions  do,  us  tuny  be  seen  from  the  following  table  of  K. 
HnKMftiHTKU.  The  figures  r«*fer  to  the  onset  of  turbidity  in  egg 
albumen  containing  globulin  hut  according  to  LKWITII  apply  ulno  to 

<>x  serum:  M,»iMWmw 

mi  jo  iirr. 

Hiwltiuit  rit  nifi*.  ....,.,,.,..,.,,.,,,,..,..,..,.,,,,  0  f»il 
HtHihun  f  iirtniti*  ...,...,,,.,,,,.....,.,,.,.,.,,,..  o  .  7H 
Sutitttfu  Mutphnf  i4,  ..,,,........,.,,......,..,,,,...  0,  SO 

Hi**!iUin  itt'ff  lift*  .  .    ,.,,.,,,.,,,,.,,....,.....,.,,..      I  ,  till 

H*.»ilitim  rtilutit  .  .......  ,,.....,..,,,.......,,.,.,      .1J12 

it!!  nit  »•*  .,,,.,.,,  .....  ..,,,,.....,.,.,,.,...     ft  ,  42 


Itxlicl  itntl  sulphocyunuti*  do  not  cauxe  preripitatloji. 
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Acid  Albumin. 

There  is  a  marked  change  in  the  properties  of  amphoteric  albu- 
min when  acid  is  added  to  it.  It  migrates  to  the  cathode  as  though 
it  were  the  basic  portion  of  a  salt;  it  loses  its  coagulability  by  heat 
and  alcohol,  its  internal  friction  is  greatly  increased  and  its  surface 
tension  diminished.  If  an  excess  of  acid  is  added,  coagulability  by 
acids  and  alcohol  is  restored  and  its  viscosity  diminishes. 

SJOQUIST*  was  of  the  opinion  that  albumin  formed  with  acids 
strongly  hydrated  (swollen)  ionized  salts.  This  assumption  was  con- 
firmed by  the  researches  of  ST.  BUGARSZKY  and  L.  LIEBERMANN*  and 
of  K.  SPIRO  and  PEMSBL.*  It  was  finally  established  by  MAUABE 
and  J.  MATUTA  by  extremely  accurate  measurements  on  the  ioniza- 
tion  constants  of  acid  albumin.  W.  PAULI  and  M.  HIRSCHFELD  then 
established  that  albumin  was  polybasic,  i.e.,  behaved  like  a  tri-  or 
tetra-amino  acid,  and  that  the  salts  were  subject  to  the  normal  hydro- 
lytic  dissociation,  characteristic  of  weak  bases.  S.  ODEN  and  W. 
PAULI  conclude  from  the  rise  in  migration  velocity  with  increasing 
fixation  of  acid  that  polyvalent  protein  ions  are  formed.1 

In  a  solution  containing  about  1  per  cent  albumin,  the  maximum 
internal  friction  is  reached  at  0.016  normal  HC1,  and  falls  with 
greater  concentrations  of  acid.  Such  a  maximum  is  also  found  with 
other  acids  (oxalic  acid,  sulphuric  acid),  while  with  others  (acetic 
acid,  citric  acid)  a  continual  rise  in  internal  friction  accompanies  the 
concentration  of  the  acid. 

Precipitability  by  alcohol  runs  parallel  with  the  increase  or  decrease 
in  the  internal  friction  (K.  SCHORR). 

When  amphoteric  albumin  has  been  made  incoagulable  by  acids, 
the  addition  of  neutral  salts  restores  the  coagulability  by  heat  and 
alcohol.  All  the  salts  investigated  (NaS04,  NaN03,  Na8P04,  Na- 
acetate,  Na-formate,  etc.)  depress  the  internal  friction.  In  this  re- 
spect, the  cations  are  of  lesser  importance,  the  anions  being  decisive 
in  the  following  order: 

Cl  <  N03  <  SON  <  S04  <  C2H302. 

Nonelectrolytes  (cane  sugar,  urea)  have,  on  the  contrary,  little 
influence  in  this  respect. 

Caffein  and  its  salts  are  an  exception,  as  they  increase  the  internal 
friction  of  acid  albumin  (H.  HANDOVSKY*2). 

An  excess  of  acid  alone  or  the  addition  of  neutral  salt  to  an  amount 
of  acid  which  is  insufficient  to  cause  precipitation  causes  at  first  a 

1  See  also  W.  E.  Ringer,  Acid  Fixation  by  Albumin  and  Viscosity,  Van 
Bemmelen-Festschrift  (Helder  i.H.u.  Dresden,  1910),  243-60- 
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reversible  flomilation  of  albumin  in  the  fold,  hut  with  greater  con- 
centration (from  about  (UKi  normal  up)  an  irreversible  Hocculation. 
lion*  also  the  unions  have  an  unequal  influence,  which  is  arranged  in 
an  order  the*  reverse  of  thai  obtaining;  for  neutral  albumin,  namely, 

S<)4  <  <1  <  N0;l  <  Hr  <  SCN. 

This  series,  accordingly,  does  not  agree  with  the  other  oiu*  in  nil 
respects. 

It  is  quite*  evident  in  the  case  of  the  arid  suits  that  their  action  is 
the  combined  result  of  the  arid  albumin  formed  and  the  net  ion  of 
the  salt  itself.  The  process  is,  therefore,  quite  complicated. 

Alkali  Albumin. 

There  is  a  far-reaching  parallelism  between  alkali  nthumin  and 
acid  albumin.     Alkali  albumin  like  acid  albumin  is  not  coaguluhlr 
by  heat  or  alcohol  (even  O.tHKi  normal  Xu<>H  inhibits  the  heat  cougn* 
lation  of  amphoteric  albumin!;  its  viscosity  is  greatly  increiunrd,  its 
surface  tension  diminished;  excess  of  alkali  restores  thr  pri*cipitnl»iltty 
by  alcohol  and  again  decn*us(»,H  the  inti*rnut  f Helton;  it  migrute*  to  the 
nnode.     HT,  Ht'tiAUsxKV  and  L.  LIKHKUMANN*  showed  that  Xn<  Ml  WJH 
bound  by  allnmitn,  ztnd  that  albumin  depressed  the  freexwn  l«*int  *»f 
st«ia-lye.     \rt'ufrnl  utilia  arrest   the  action  of  ulknliv,    in  c«»ntmdi."*« 
tinc*tion  to  acid  albumin  if  is  the  ctttitwx  to  wtncii  tlie  ^rente 
cunce  uttac'lies,  and,  in  fuel,  tlu*  fflVrt  of  the  tlivnlent  earth  u 
(C  *n»  Sr  and  Hii)  and  flu*  <iivntent  mn^ncHtum  vi*ry  nn-atly  excerih 
that  of  the  monovnlent  itlkalts.     Though  hent  cou^ulntiun  dtn^  not 
occur  at  all  or  advances  only  to  a  milky  turbidity  «r,i|,»  thr  rlTcct  of 
1,2  normal  K('l  wus  doul»tful')t  in  alkali  nlbumin  contninin^ 
<ltmnttttes  of  alkaline  suits  the  ability  of  alkali  albtmtin  to 
with  tUMI.f  normal    XaOi!    is   demonst ruble   upon    the  addition  uf 
<J.«MK)2  normal  C  'u( '!,, 

Additions  of  nrntrnl  mltx  bring  about  a  tlt*rrraM*  of  uttcrnat  frit'tiuii 
in  a  manner  analog* m«  to  their  influenc'i*  on  heat  c<»ay;iilatitin(  mid,  in 
fact,  u  small  addition  of  salt  lias  a  projMtrtionatcly  ^rmtrr  effect. 
titan  u  large  one,  Moreover,  the  earth  alkali**  greatly  exceed  the 
alkali  salts  in  their  ability  to  diminish  internal  friction, 

Thr  suiting  out  of  alkali  albumin  reqnin**  a  greater  cuftrentration 
of  alkali  satis  than  i«  required  for  neutral  albumin;  thr  prtHiuet  i^ 
reversible  and  the  unions  are  effective  in  the  same  order  w  fur  nrtttral 
ulbutnin. 

In  general,  the  relations  are  simpler  for  alkali  albumin  than  fW 
acid  albumin.  In  the  former,  they  depend  ujnm  the  elt«ctn*lytic  di*- 
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sociatiou  of  the  base,  while*  In  the   latter,  certain  electrochemical 
factors  which  may  not  be  disregarded  play  a  part. 

If  dilute1  soda-lyc  (O.()2,r)  normal  NuOH)  arts  for  a  /*»w/  lime  on 
serum  albumin,  the  internal  friction  reaches  a  maximum,  remains 
constant  for  a  while  and  then  diminishes  |K.  Srnoiuo.  Kvtdently 
there  occurs  fixation  of  water,  swelling.  The  cleavage  of  the  alhu- 
inin  molecule  is  accompanied  by  the  formation  of  less  colloidal 
disintegration  products,  and  is  characterised  by  u  tliminution  of  the 
viscosity. 

If  from  these  results  we  try  to  obtain  un  it  leu  of  the  processes  in- 
volved, we  shall  find  a  useful  guide  in  the  theory  of  the  ntHiduthrit* 
nature  of  genuine  albumin  proposed  by  <5.  IlttKtHci*  and  t*xtemli'<i  In* 
Wo.  PAULI.  Let  us  think  of  albumin  us  built  according  to  the 
structure  of  a  cyclic  ammonium  suit : 

,,-NH, 
1C 


in  which  R  represents  a  complicated  organic  complex  and  flu*  ab- 
sorption of  water  follows  according  to  tin*  Heheme; 

A*  lit  .,,N1WUI 

R        :     f  HjH*  *  U 

X'CK)  \.  IK  If  I 

This  is  an  amphoterie  electrolyte  which  uniti-s  with  bi^r.n  aitii  arid, 
which  splits  off  II  as  well  as  Oil  urns  and  in  whi«»h  flu4 

KA  (acid 


in  other  words,  it  behaves  like  it  very  wt»ak  aeid,  Pure  albumin 
consists  principally  of  electrically  neutral  particles  btif  forms  arid 
and  alkali  salts  which  art*  strongly  ionised. 

There  exist 

,N!M'l  ./NIMH! 


y*>iUiim  f? 

R  if  It 

\  \  \ 

X('(X)H  M'WH  '   ritftXfi 

ntnitriil  lilhuiiiiii  »ri«I  jiiUfUitiifi  islli4li  .40«n<nin 

That  the  albumin  iunx  are  rt^spoitsihlt*  fur  the  ijrt-nt  inter nnt  friction 
is  to  be.  assumed  from  the  investigations  of  K.  I<\grKt-n  and  o. 
SACKtru*  on  alkali-caHeinnteH,  The  nniim*  of  \\\\#  |ih«*!ioiitrfio!t  in 
found  in  the  strong  hydration  (water  fixation.  MwellitiKf  of  tin*  ;dl»u- 

min  ions.    According  to  \V<>.  PATLI  and  M.  S.VMW*  tin*  i'xi.*ti'i»ri-  of 
I>olyvalent  ions  must  b<»  ansnmed  in  tln»  n^e  of  arid  and  alkali  all  HI- 


niin.  Even  assuming  tin*  smallest  values  for  flu*  molecular  weight 
of  albumin,  the  quantities  of  arid  or  alkali  found  are  so  large  that  they 
indicate  tlu1  fixation  of  several  acid  or  alkali  molecules.  This  offers 
a  furthtvr  explanation  of  the  marked  increase  in  hydmtion  produced 
by  acids  and  alkalis.  The  stability  of  an  albumin  solution  and  its 
preeipit  ability,  r.{/.,  by  alcohol,  art*  directly  proportit>nal  it»  the  num- 
ber of  albumin  ionx  It  contains,  The  circumstances  here  art*  quite 
analogtniH  to  those*  with  crystalloids,  hins  li'iid  tt»  gt»  into  solution 
and  to  form  hydralrs;  tht*  saturation  concent  rat  ton  tif  mm!  nil  par- 
tiolt*s  in  always  lew  than  that  of  ions. 

In  this  way,  we  may  explain  the  prop<*rtirs  i»f  strongly  5tmi/,«*tt 
pun*  arid  and  alkali  albumin  as  contrast  rd  with  tin*  slightly  «Hsso* 
ciattul  neutral  albumin.  How  dors  this  theory  agivt'  with  the  I'llVci 
of  nt'ittml  wi//.v/  \V<».  PAI-LI  explains  it  in  tlie  following  way; 


f    UN*), 


A«-i«J  nttiuiain  I  uruirtil  wit 


In  this  way  wan  explained  not  only  the  iurrritsed  iiuitjbt*r  of  free 
H  5t»ns,  which  lu*  demonstrated,  but  also  the  marked  diminution  in 
internal  friction;  beeau.se  an  ninphotrrir  suit,  in  which  both  unions 
and  cations  tend  to  ionise  about  equally,  is  but  ^lightly  <li*soriatrtl. 

The  action  t>f  neutral  salts  in  ttlknli  ttUmmin  is  ditTerent  ;   it. 
tin*  folltnving  schcrnt*: 


Kcl 


Accordingly,  a  complex  albumin  salt  was  formed  to  which  a 
amount,  of  ioni/,ution  may  be  ascribed  thun  to  utkuli  uthnmin. 
action  cif  niitts  of  the  ulkiiline  earthM  folktw.s  thi*  scheme: 


t> 

l 


The  replu(*<*nt(*!it  of  the  alkali  ion  in  UP*  citrlntxyl  i»f  tfn-  ti 
gnnip  results  in  a  weakly  ioni/ett  complex  suit.  The  HlWl  on  itllm- 
min  of  organic*  Imses,  which  an*  often  highly  toxic,  mitt  of  mn|thuti-rtc 
elect.  n>lytesf  have  also  been  ntudied  by  !L  HANt>ovr*KVt  mid  the  n- 
wilts  agree  with  the  above  scheme, 
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•The  conditions  governing  the  action  of  neutral  salts  upon  acid 
albumin  are  not  sufficiently  understood  to  warrant  proposing  a  simple 
scheme.1 

The  optical  rotation  of  albumin  runs  parallel  with  the  changes 
in  its  internal  friction  and  coagulability  (Wo.  PAULi,*5  M.  SAMEC, 
E.  STRAUSS).  In  fact,  the  albumin  ions  rotate  light  more  power- 
fully than  neutral  albumin. 

Let  us  summarize  briefly:  neutral  albumin  has  a  low  internal  fric- 
tion, coagulates  easily  and  shows  little  optical  rotation;  ionized  albumin 
has  high  internal  friction,  coagulates  with  difficulty  and  rotates  light 
powerfully;  neutral  salts  diminish  ionization. 

This  chemical  point  of  view  is  additionally  supported  by  the 
investigations  of  P.  PFEIFFER  and  J.  W.  MODELSKI  as  well  as  of  P. 
PFEIFFER  and  WITTKA.  These  authors  have  shown  that  amino  acids 
and  polypeptids  of  known  chemical  structure  form  with  neutral 
salts  of  the  alkalis  and  earth  alkalis,  crystalline  addition  compounds 
constructed  on  simple  stoichiometric  principles.  Some  of  these 
molecular  compounds  are  much  more  readily  soluble  in  water  than 
the  aminoacids  or  polypeptids  and  some  much  less  soluble,  so  that, 
as  in  the  case  of  albuminous  substances,  it  is  possible  to  salt  some  of 
them  out  (analogous  to  globulins). 

Albumin  and  Inorganic  Hydrosols 

According  to  U.  FKIEDEMANN**  electrolyte-free  albumin  is  precipi- 
tated both  by  positive  and  by  negative  inorganic  hydrosols.  Hydro- 
phobe hydrosols  such  as  As2Ss,  Au,  etc.,  regularly  form  precipitates, 
which,  according  to  W.  PAULI  and  HECKER,  are  not  inhibited  by  an 
excess  either  of  hydrosol  or  of  albumin.  Neutral  salts,  acids  and 
alkalis  exert  a  protective  action,  but  nonelectrolytes,  such  as  urea 
and  sugar,  are  inactive. 

In  the  case  of  positive  hydrophile  inorganic  hydrosols  such  as 
Fe(OH)3  there  is  an  optimum  precipitation  zone  that  lies  somewhere 
between  one  part  by  weight  of  Fe(OH)3  and  three  parts  by  weight 
of  the  electrolyte-free  albumin.  With  an  excess  of  Fe(OH)3  there  is 
increasing  solution  which  is  complete  in  about  the  proportion  of  two 
to  three;  there  is  no  complete  solution  with  an  excess  of  albumin. 
Neutral  salt  exerts  a  protective  action  when  albumin  is  in  excess  but 
on  the  contrary  favors  precipitation  when  Fe(OH)3  is  in  excess. 
Acids  inhibit  precipitation;  alkalis  precipitate  when  Fe(OH)3  is  in 

1  From  the  formula  it  should  not  be  assumed  that  only  free  terminal  NBk 
groups  are  considered.  As  the  result  of  the  work  of  BLASEL  and  J.  MATUTA  on 
deaminized  glutin  (glutin  whose  free  NH2  groups  are  satisfied)  it  is  more  probable 
that  its  interior  NH  groups  are  involved  in  the  formation  of  salts  with  acids. 


excess,  otherwise  they  exert  a  protective  act  ion,  Hydrophile  Hn-jtiffYr 
inorganic  hydrosols,  r.f/M  silicic  acid,  differ  from  positive  hydrosnls 
only  l>y  the  presence  of  II  ami  Oil  ions  which  act  oppositely  to  those 
in  the  positive  hydrosols. 

Only  n  snmll  fraction  of  the  albumin  in  precipitated  by  hydruphuU* 
inorganic  colloids;  hut  the  greater  portion,  and  ut  times  nil  tin*  albu- 
min, is  precipitated  by  hydwphile  hydrosols, 

Albumins  appear  to  react  with  proteins  of  /wwmww/  Iwi^iV  (htstoiMM 
or  twit!  character  (lr.  FKIKDKMAMN  unt!  II,  KiUKU^xrtCAt**)  just  asili* 
inorganic  hytirophile  h 


Albumin,  Heavy  Metals  and  of  Heavy 

On  shaking  salt  -free  albumin  solutions  with  metallic,  iron,  rolmlt» 
cop|x*r(  lt%ntlf  nickel  or  aluminium,  portions  of  these  metals  gi*  into 
solution  niiil  art*  bourui  by  albumin  in  a  hitherto  tmrecogni/ett 
*'masketr*  form,  accMtrtlittic  in  Bit\*t';iH*'K\*i4{  and  UKVKt,i,it-\t*vKs, 

Klectrolyti»-free  albumin  yteltls  nt>  prectpitati*  with  /iu«\  cuppi*r, 
mercury  or  h»a<l  salts.  In  !hi*  presence  of  salts,  however,  albumin 
forms  with  antt^  n/  f/ir  /irnri/  im'ttits  pr<*cipitatt4s  whose  chemical  t'ltin- 
position  is  not  constant,  but  tlejH*tu!s  nn  the  eourt^itmtiiiit  t»f  flu* 
components  at  the  timt*  of  pivctpitatiou.  l!y  precipttatiujj;  albuiuiu 
with  S(»luti<tns  of  heavy  metul  salts  of  varying  concent  rattnus  we 
gel  "irregular  series,1*  which  fre*juently  shtnv  ttrn  zuiu-a  «»/  /wyfi/u- 
tatiun:  one  with  very  dilute  soltttittns  of  the  mt*tnt  Milt  June  Im 
thotiHiuidth  normal  HIM!  under)  ami  another  with  hi^h  cont*eiitration; 
between  tl«*s<*  tht»n*  in  always  a  /.one  with  tw  pnunpitHtimi,  The 
priTtpitatiun  /*t»ne  with  §pv?ii  dsluttoitM  of  tin*  inetitl  «;tlt  H  ilm*  arronl- 
ing  it*  H.  BKiititowi*  to  itietnl  hytlroxti!  split  off  hyiinilvtiniiK  » 
which  pn*cipitat<*s  with  nitmmin,  ftirtuing;  nti  itis<iluble  Iti-avv  metnl-' 
ullnuuin  compound.  Tht*  ri*solutHin  of  thin  pr<*t*i|tit;iti*  ut  mnm«\\imi 
grimier  coiuu^ntrntton  of  metal  mli  results  fmnt  ium/attun,  \V. 
!*AUI4  ant!  HKCKKU  huve  shown  by  vt*ry  conviiieiug  «'\|fcrtmeftt/<t 
upon  tlie  art  ton  of  FeCli  on  iilbimitii  that  H  soluble  f«*rrii-  itiii^ii 
ex  occtirn  sotitrwhut  in  nt*roninnt*t*  with  the  fullmviuK  > 


addition  of  more  Pel  1J(  junt  as  whett  nfttl  IM  aiMed  t««  n«-i»t 
albunun,  partial  it«*iitmli/ution  occurs  unit  then*  i>i  further  precipi- 
tation. rrOgna  Indmves  lik«*  Ke<  1,s<  »s  do  itlso»  to  a  fvrtiun  i-\t^ni, 
AgX03|  E«S04  nnd  PftiXtl.),,  On  tin*  other  hzuttl,  ihe  nren|iti;i!.' 
diHup|M»HW  with  higher  concent  nitioit  of  ('ut'ja  jiiitl  H«t*lai  ;m«|,  nlmtr- 
luti'ly  no  precipitate  in  fortueti  with  t*l<<rtrolvt<*-frt*t<  Hlbtitsiin  ami  tin* 
en  of  IV'  (*n*\  Mn*',  t  M". 
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Globulin. 

Those  proteins  which  are  insoluble  in  pure  water  and  soluble  in 
salt  solutions  are  called  globulins.  They  are  constituents  of  the 
blood  serum,  eggs  and  milk  of  animals.  They  occur  in  other  organs 
in  traces,  thus,  e.g.,  thyreo-globulin,  the  iodin-containing  protein  of 
the  thyroid,  is  a  globulin.  Large  quantities  of  globulin  are  found 
stored  in  the  seeds  of  plants.  A  seed  globulin,  edestin,  has  been 
obtained  in  crystalline  form. 

If  serum  is  dialyzed  against  pure  water,  globulin  will  be  precipitated 
as  the  content  of  the  dialyzer  cell  (globulin)  parts  with  salt.  By 
ultrafiUration,  H.  BscHHOLD*4  was  able  to  separate  globulin  from  the 
common  salt  holding  it  in  solution.  Globulins  are  also  soluble  in  acids 
and  alkalis.  If  globulins  are  kept  undissolved  (e.g.,  dried  or  sus- 
pended in  distilled  water)  a  change  occurs;  they  lose  more  and  more  of 
their  solubility  in  dilute  solutions  of  neutral  salts.  Like  the  albumins, 
globulins  are  amphoteric:  without  the  presence  of  salt  they  have  no 
definite  direction  of  migration;  hi  the  presence  of  traces  of  alkali 
they  pass  to  the  anode  and  in  the  presence  of  acids  they  pass  to  the 
cathode.  According  to  L.  MICHAELIS,  an  H  ion  concentration  of 
4.10~6  is  the  isoelectric  point  for  serum  albumin.  According  to  W.  B. 
HARDY,*1  a  given  quantity  of  salt-free  globulin  is  dissolved  by  an 
equimolecular  quantity  of  strong  monobasic  acids  (HC1,  HN03; 
monochloraeetic  acid).  The  weaker'  the  acid  the  more  of  it  is  neces- 
sary to  dissolve  the  globulin.  About  twice  as  much  sulphuric  acid, 
tartaric  acid  and  oxalic  acid,  and  three  times  as  much  phosphoric 
acid  and  citric  acid,  is  required  than  of  HC1.  W.  B.  HARDY  concludes 
from  this  that  globulins  form  salts  with  acids  which  in  the  case  of 
weak  acids  are  greatly  hydrolyzed. 

Bases  act  in  a  manner  similar  to  the  acids,  with  the  exception 
that  NH3  dissolves  as  much  globulin  as  NaOH. 

Rise  of  temperature  increases  the  hydrolysis,  i.e.,  globulin,  dis- 
solved in  an  amount  of  weak  acid  or  weak  alkali  just  sufficient  to 
give  a  clear  solution,  becomes  turbid  when  it  is  warmed;  however, 
the  process  is  not  completely  reversible. 

It  was  deduced  from  the  conductivity  values  of  alkali  globulin  that 
globulin  is  a  pentavalent  acid,  and  from  its  saponification  with 
methyl  acetate  as  well  as  its  action  in  the  inversion  of  cane  sugar, 
that  it  is  of  a  more  strongly  acid  than  basic  character.  This  is  also 
evident  from  the  fact  that  the  conductivity  of  its  acid  salts  increases 
progressively  more,  when  diluted,  than  the  conductivity  of  its  alkali 
salts.  The  preponderant  acid  character  is  also  evident  from  the  fact 
that  litmus  is  reddened  by  globulin. 


AH  in  thr  rasr  of  ulluuniu,  tin*  tjluhulin  itwx  an*  ivsponMhlr  fur  thr 
intt-rntil  frniitm.  Though  thr  intrrnal  frirtiou  of  ttloimtin  in  umtral 
suits  is  low,  it  UronstdrraMy  highrr  in  flu*  ioni/rd  Mention**  orrurrut£ 
in  urids  or  alkalis;  thr  vi.sroMty  is  highrNt  in  tit*4  ra-r  ot  alkali 
salts  of  globulin*  whirh  art'  ioni/rd  must  .strongly  and  li-a-^t  hydroly/rd. 
Tin*  visrositv  risrs  di^pn»|iurtton:itrty-  with  t'tiiu'riitratitiu  nii«-t»  in  (aft, 
th«»  int-rras**  ft»r  alkali  nlohulin  >  for  ar'ul  gluhulin  ..  •  lV*r  nnitral  sult- 

gloliUiil!   (\V.    II,    IlAUI>V*'-*i. 

\V.  II.  ILiuin"  niv««s  ihr  fulluwiii^  vist%u?nitv   vahii's  fur  7.-VJ  gnu 

glulmtin  pi*r  lit^r: 

\Vut«-r  ......  .  .........  ......................  ,,  .  ..        ! 

MttSO^lnJtuhM       .      .  ..............  .  .  •  .          .  .          1    M 

IK  1-iiJuhtiliii  .  .  .  .  .    ..,....,..,      ,    .  .    -        .      U*  5 


d<Tfvt*«l  thi-M'  vrluc'itirs  fur  gtnf*itlirt  iuii-i; 

,      .  .     .  '^i  *  III  *"'  rtn.  |»rr  :ir»*<» 

,,.,..  h».  iii  ft    " 

7  7  •  in  *    " 


\V,  H»  II,\Hin  n^iird.^  st»tutif»n^  of  ifjtihiilii!  in  m-u/m/  ,-.»i/f>i  it^ 
'ular  i*«*iul»iuations,  ^iur**,  iu  foutrn^t  l*>  .^olutioM^  iu  alkalr-  »*r 
ariils,  thry  nri9  lltrtnvn  duwtt  upttii  dilufion,  It  ran  l«*  un«lrr^liHnt 
from  flu*  dominant  arid  rharartrr  of  ^luhuliim  that  a  m-utral  --alt 
solution  of  glnliiiltiiH  i-5  prcripitatrd  l»y  arids»,  Uliou^h  alkali  )^lot*uliu 
holulioiH  nn*  p«*riimn*'nt  in  flit*  prrwrntv  «»f  nriilntt  Bait's  acid  J?JI«MU- 
HUH  an*  pn*r5pitat*4«l  l»y  thriu, 

Arrordiu^  to  \V,  II,  !iAunv»  xrrum  rontain**  no  ^tottuliu  ium, 

If  ,H«*ruiu  Is  krpt  warm  for  a  lt*ujj;  tiitp-  u-.i/,,  V!  hitttr^'  l«rln«  is-i 
n»!lHiiL*ition  trmp«*rut  urr,  flif  nmotuii  of  j^lodulin  i"*  itirr*'a-»*'d  at  tt»* 
«*xjH*asi'  of  ll$i-  itllitiiiiiiuiftH  {tortiou  <Mow**i,  llti^  fitnuati(»u  of 
giohiiltit  in  rithiT  iittpnieil  or  mtirrty  r*topjw*d  l»y  v«alt^. 

"Artiiiriul  ^lohulius11  Is  thr  dr.Hi^untiou  of  thr  vitlrjanrr^  prr- 
purrd  from  iiHiiiinin  I»y  A\i»tfK  \I.\\  i-:u.*  H«-  f»«md  tliat  whru 
In*  uddrd  ti*  lilliiliiii'ii  n  rt«rtain  t|uantity  of  a  ^oluliou  »»f  a  valf  »*f 
a  ln*avy  nit'tal  XuS<  h,  ZIM  X<  h-i  i»r  n  po^itivr  rolloid  'rnllMidnl  l-V^  Ijl^ 
tin*  ri4sultiuK  prrripitafi*  \v.n*  m>i»hililr  in  uiili-r  and  in  ^»*lufi*iu.M  i*f 
nout*l«*t*trc»lytrs»  tint,  ou  thr  rouintry»  it  \va-i  -«iinl4«'  in  ••.i*hiii<dr<  «»f 
salts  (*v/,,  Xitf  '1,  C  *itf  Xf  ^il-,  «'tr.K  With  thrMt*  f;irt-i  in  mmd,  u«-muif 
niusidrr  1h<*  sii^i'stiun  iiuid**  hy  A.  M  \Y*;U  tlrit  tflohuhir--.  an-  mm- 
pl<*xi*s  ctf  ulhuinius  ijRiHHibly  with  Mthrr  pu^ilivr  *'»jlloidi-*j. 
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Fibrin. 

Fibrin  is  the  substance  of  blood  plasma,  which  coagulates  shortly 
after  the  blood  has  left  the  vessels,  I'IHM  the  clotting  of  plasma, 
which  contains  no  blood  corpuscles,  no  jelly  in  funned,  hut-  character- 
istic fibrous  masses.  Formerly  it  was  thought  that  umxmgulatcd 
fibrin,  called  fibrinogen  (see  p.  2WM,  was  something  quito  different 
from  fibrin.  AH  a  result  of  the  investigations  of  HKKMA  it  is  |Mm-4th|r 
that  fibrinogen  is  the  hydrosol  of  alkali  fihrin.  If  fibrin  is  dU*otved 
in  extremely  dilute  alkali  we*  obtain  a  fluid  having  all  the  pro|M*rtte* 
of  fibrinogen.  Normal  ctHiyultttittn  outside  flit*  blond  vessels  as  well 
an  the  resulting  product-  must  be  sharply  differentiated  from  Jihrln 
coagulated  by  heat.  Fibrin  coagulated  by  heat  eeases  to  show  tin* 
swelling  phenomena  it  possessed  before  if  was  heated;  it  has  become 
hydrophobe.  When  coagulated,  fibrin  is  an  irreversible  gel,  lit 
weak  acid  and  alkalis  it  swells  and  gradually  goes  into  Dilution 
following,  as  it  does  so,  the  same  laws  as  doi»>»  gelatin  *sn*  p,  Us, 
ei  WK/.).  MAKTIN  II.  FtscftKJt*  has  .studied  its  ^veiling  under  the  in* 
fiuenee  of  acids,  bases  and  stilts,  and  utilised  his  results  fctr  hi**  tSirory 
of  edema  (SIH*  p.  22*1,  ti  .sr^) 

Mwcle  albumin  or  mi/win,  the  coagulation  of  \\hirh  nt  death 
caiwen  rigor  marfe,  beltings  to  thr  snnte  group  a*  fibrin, 

Nucleins* 

Route  HulwtanccB  have*  hi.H*n  prt*pured  fnmt  rt*H  niirli4;  hixhw 
from  the  leucocytes  of  the  thymus,  lish  r»«*s(  etr,,  us  wi4!  a>  ;*n*- 
taminr,  HO  thoroughly  studie«l  by  A.  KCIHHKI,  unil  usuallv  ol»intnt«d 
from  the  sp(*rnutto/.oa  of  m»vernl  tUff**rent  kintls  «if  tiwh.  Tltry  di> 
not  exist  as  nuch  in  them*  organs  hut  orrur  in  comhinutton  \vtth  at*id 
nuclcius  as  nucleu-iwteimi  and  mirlrti-liislwirj. 

Neutral  solutions  of  histont*  yield  n  preeipitnte  rontuininu  very 
little  nalt  with  solutions  t>f  egg  albumin,  caneiti  un*l  sertim  ulotuitin, 
When  wo  recall  that  casein  and  globulin  are  of  divided  n«fit!  r«*aetiou, 
their  union  with  basic  histone  is  (juite  easily  ttmlt-r^toiMl.  ,1  /in'uri, 
it  is  improbable*  that  the  precipitate  should  eoniain  !  part  htHtom*, 
2  parts  caHoin  and  glohultfi  and  I  purl  egg  ntlmmin.  iw  has  tteeit 
claimed.  It  has  bt»en  shown  by  t.T.  FU!KUKMAX\  and  II. 
THA.L*  tliat  tvcconling  to  the  relative  concent ra.t it >n  in  whirh 
of  histono  and  albumin  are  inixed»  the  precipitate  wilt  vary  in 
position;  that  the  addition  of  X'nM  changes  the  prrcipitaiion 
and  that  frcnh  Hohitioun  have  diiTenmt  precipitation  limits  fhait 
older  ones.  All  thtw?  facts  pnint  with  wtiiinty  to  thr  furl  that 
nuclcnn  in  not  a  definite  chemical  combination,  but  that  nucleiti'-i  are 
colloid  compounds  coiwisting  of  ti  negative  atnl  a  j»«*sitive  colhiitl. 
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Albuminoids.     (Scleroproteins) 

Though  the  organic  framework  of  plants  consists  of  cellulose, 
that  of  animals  is  formed  of  nitrogenous  substances  classified  as 
albuminoids.  Like  cellulose,  they  are  very  resistant  chemically  to 
foreign  influences,  water,  salt  solutions,  acids  and  bases. 

The  most  important  of  the  albuminoids  is  collagen,  derived  from 
bone,  cartilage  and  the  fibrils  of  connective  tissue.  On  boiling  with 
water,'  it  swells  and  gradually  dissolves,  undergoing  hydrolytic  cleav- 
age and  forming  glue  or  gelatin.  Gelatin,  which  has  been  the  subject 
of  the  most  important  investigations  concerning  hydrophile  gels  and 
from  which  the  whole  class  of  gels  take  their  name,  does  not  occur  in 
the  organism  at  all.  The  most  important  data  concerning  it  have 
been  given  on  page  68,  et  seq.  What  has  been  said,  especially  in 
reference  to  the  preparation  of  a  solution  of  agar  (p.  137)  holds  for 
gelatin  as  well.  It  should  be  recalled  that  acids  and  alkalis  greatly 
increase  the  swelling  of  gelatin.  The  swelling  capacity  reaches  a 
maximum  with  increasing  concentration  of  HC1  (0.025  n)  and  KOH 
(0.028  ri)  (Wo.  OSTWALD).  We  thus  find  an  absolute  parallelism 
between  the  swelling  of  gelatin  and  the  ionizatitfn  of  albumin  (see 
pp.  152  to  156).  In  excellent  agreement  with  this  is  the  fact  that 
the  minimal  swelling  occurs  at  the  isoelectric  point  of  gelatin,  namely, 
with,  an  H  ion  concentration  of  2.10~5  (L.  MICHAELIS,  R.  CHIARI).  It 
must  be  emphasized  especially,  that  a  very  dilute  solution  of  gela- 
tin depresses  (according  to  G.  QUINCKE)  the  surface  tension  of  water 
12  per  cent.  The  solubility  of  C02  is  very  considerably  greater  in 
gelatin  sols  than  in  water  (in  contrast  to  other  hydrophile  sols) . 

Compared  with  other  colloids  (serum  albumin),  gelatin  lowers  the 
solubility  of  easily  soluble  electrolytes  and  increases  that  of  those 
soluble  with  difficulty.  The  following  are  the  figures  from  the  in- 
vestigations of  Wo.  PAULI  and  M.  SAMEC:* 

There  dissolves  in  100  gro   water  +  4  per  cent  gelatin  +  10  per  cent  gelatin 

Ammonium chlorid 28.49  27.55  26.48 

Magnesium  chloric! 35.94  35.22  35.13 

Ammonium  sulphocyanate 62.46  61.46  58.92 

1.5  per  cent  gelatin 

Calcium  sulphate 0.223  0.295 

Tertiary  calcium  phosphate 

Ca3(P04)^ 0.011  0.018 

Calcium  carbonate 0.004  0.015 

Silicic  acid 0.023  0.027 

The  solidification  and  the  melting  points  depend  greatly  upon  the 
previous  history  of  the  gelatin;  the  longer  gelatin  is  warmed  the 
less  it  tends  to  solidify.  Upon  heating  a  2  per  cent  gelatin  solution 
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to  100°  C.;  the  relative  internal  friction  (according  to  P.  VON  SCHROE- 
DER)  falls  from  1.75  (at  the  end  of  one-half  hour)  to  1.22  (at  the  end 
of  16  hours).  Possibly  this  is  due  to  the  increasing  hydrolytic  cleav- 
age. The  following  figures  give  some  idea  of  the  relations: 


Content  per  liter. 

Solidification  temperature,  °  C. 

Melting  temperature,  °C. 

Grams. 

1.8 
2.5 
50 
100 
-   150 

<10     (Rohloff  and  Schinja) 
0     (S.  J.  Levites) 
17.8  (Pauli  and  Rona) 
21      (Pauli  and  Rona) 
25.5  (Pauli  and  Rona) 

26.1  (Pauli  and  Rona)* 
29.6  (Pauli  and  Rona) 
29.4  (Pauli  and  Rona) 

These  solidification  temperatures  are  markedly  shifted  by  elec- 
trolytes and,  in  fact,  the  anions  have  the  greatest  influence,  whereas 
the  cations  are  of  less  moment. 

The  solidification  temperature  is  raised  by  )  S04  >  CH3C02  > 
The  solidification  time  is  shortened  by       J     tartrates. 

rni,       TJ-.C     4.-     j.  4.       -  i  ju   ibenzoates    and    salicy- 

The  solidification  temperature  is  lowered  by      ,   ,      ^  O/^AT^  T^ 
on,       TJ-.C    x-      4.-       •    i     ^      j  i,       f    lates>  SCN>  I>Br 
The  solidification  time  is  lengthened  by          ^  AT~    .     «, 

J      >  JNUs  >  v,<l. 


The  following  data  (from  H.  BECHHOLD  and  J.  ZiEGLER*2)  serve 
as  an  example: 

Molting  point. 

10  per  cent  gelatin  ..................................  31.6 

10  per  cent  gelatin  +  1  mol.  NaCl  ....................  28.  5 

10  per  cent  gelatin  +  2  mol.  Na2SO4  ..................  34.  2 

10  per  cent  gelatin  +  1  mol.  Nal  .....................  10  .  0 

Nonelectrolytes  also  influence  the  melting  point  of  gelatin. 
Glycerin  and  sugar  (mannit,  cane  sugar,  etc.),  in  contradistinction 
to  agar,  raise  the  temperature  and  increase  the  rate  of  gelatinization, 
while  furfurol,  urea,  alcohols,  resorcin,  hydrochinon  and  pyrogallol 
lower  them.  Nongelatinizing  colloids  have  no  influence  on  gelatini- 
zation. 

The  following  figures  from  H.  BECHHOLD  and  J.  ZiEGLER*2  serve 
to  make  this  clear: 

Melting  point. 
10  per  cent  gelatin  ...............................     31  .  66 

10  per  cent  gelatin  +  1  mol.  grape  sugar  ............     32  .  25 

10  per  cent  gelatin  +  2  mol.  glycerin  ...............     32  .  17 

10  per  cent  gelatin  +  2  mol.  alcohol  ................     30  .  0 

10  per  cent  gelatin  +  1  mol.  urea  ..................     26  .  3 

Precipitation  of  the  gelatin  sol  must  be  sharply  differentiated  from 
gelatinization.  Precipitation  is  induced  by  electrolytes,  whereas 
nonelectrolytes  usually  interfere  with  it.  Precipitation  corresponds 
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rather  to  salting  out,  which,  we  may  assume,  occurs  also  in  tin*  case 
of  crystalloids;  it  may  h«*  induced  not  only  by  electrolyte*  which 
raise  tin*  inciting  point  of  the  gel,  but  also  by  those  which  depress  if, 
Precipitation  becomes  evident  at  first  through  a  turbidity  which 
may  be  sufficiently  marked  to  give  a  tenacious  gelatin  pha.se  and  a 
more  limpid  aqueous  phase.  In  precipitations,  also,  the  tini»*n$  have 
the  determining;  influence,  their  precipitating  effect  being  arranged  in 
the  following  order: 

S0|  fc->  (Itnife  ••-•  Turtwtr  >  AcHate  >  Cltlurid, 

Inorganic  hydrosuls  Iwhavt*  quantitatively  toward  geliitin  tlt«* 
same  us  toward  albumin  (see  p.  t"if»i, 

Hit*  jwv///w/  and  xhrinkimj  of  gelutitt  n*fern*d  to  uii  png«*  <>K,  ti  w#/t> 
a  IT  rharact  eristic  for  nil  elastic  gels. 

According  to  J.  l'*ic,\i'iiis:  and  1**,  K<itu*ftit  then*  exists  a  pnrulleliMui 
lH*tween  tin*  swelling,  .shrinking,  Molidification  and  melting  point  of 
gelatin  when  it  is  mixed  with  other  .substances, 

The  tint'toriat  properties  of  r/irs/iV/i/wr.-.-  aiitl  their  chief  tMiu^titueiit, 
ijn$tint  are  better  ktittwn  than  their  oilier  colloidal  proper! if*M, 

To  the  inve.nl igntion.N  uf  I*,  II,  !*\\,\  jtnd  L,  ( tot.ujtKT/,  wiM»vve*»ur 
knowledge  i»F  the  h-rtilins,  lh«*  httmtf  xnhshint't's  cumpn.^ing  skin* 
hair,  nails,  hoofs,  hnrin,  fealhi*rs,  «*tc,  t 'hcmical  sludii^  uf  fiir^«" 
subslant*«*s  are  very  ditliciilt  beemtse  they  resist  (Chemical  attack. 

We  shall  merely  iuentii»n  lh«*  remaining  albuminoids,  .v/mm/r/f,  the 
structural  .support  of  tmlinary  .sjH»nge,  cln>nchnitint  the  fnttneuork  nf 
mussels  and  snails  nnd  further,  I  he  tiH»uw<»itln>  it  group  into  wliirh 
almost  al!  unrlitssific*fi  proteins  »n»  thrown. 

Nucleoalbuxnins. 

Th<»Mi*  proteins,  tike  the  ulbuinitts,  an*  digested  by  !x*pxin'hvdro<* 
chloric  acid;  they  di^milve  alitMHt  rulirely,  but  jit  tj$r  snitif  fiinr 
Hplit  off  mi  almost  tnsultible  phiKHphoms«i*o!iiHiitittg  roiuplex.  lln- 
niATiVi  cif  milk,  the  ritrllin  «»f  yolk  und  jw*rttnjw  uUu  tninmin  and 
wyt'tnldr  mwin  lire  nucleoutbtuttitts.  If  i^  refnurkubli*  that  mnong 
thf*  phoHphtirtiH-coittiiiiiiiitt  proteins  obimned  from  ^,eed-%  there  should 
be  Mi*vt*ntl  tltnf  are  soluble  in  nlnthftt  ffili'ml/u  from  ei-rejii  graiit.s  and 
zrin  from  corn'K  !i«*cjtusi*  of  this,  it.  In  a  ({ucxtton  hi»\vevi*r,  whether 
they  an*  related  to  rit^eifi, 

On  nemtiftf  of  its  ifn{Htrl:uu*ts  cttxrin  has  Iwen  most  i*\lei»Miv«*ly 
invt'stigHted.  In  milk*  rn-sein  exists  H.H  a  suit  (ttntted  In  lime  nnti 
ulkalh  imtl,  being  dissolved,  (»xhibtls  proftiund  hv»lr*»|ytie  disNoeiuttitn, 
("i.tH44n  nitty  IH«  thrown  t»ul  of  .solution  bv  the  addition  of  uejil^  or  JTII- 
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inn,  yet  the  casein  ohtainrd  l»\  thfaiiil.*i*nt  «»i  arid  ,411,1  f|iaf  obtained 
by  rennin  are  not  idtntiral.  Ffirfht  nit^r*  ****  »  HI  iiirn  !**•  '-rparatrd 
from  the  crystalloid  portion*,  tij  milk  !  \  *'*••  t  '>  <»/  ,  ,  \\t  JM  t  IIHoU> 
and  by  wntrifHgutim  H.  FIIII  i»i  \  tiui/  ,  \\  i  an*  m«l«'1»iitl  t<»  K, 
LAQIJKITH  and  (>.  SA^HI'II*  a*  \u  11  i  T.  \\  15* tin  la  .MS*  \\hn  v,i\«-s  u 
bibliography)  for  thecxlmuMixr  rht'iumu  *tudi*-> of  fa^rin  iijuiii  wltirh 
we  base  our  remarks.  In  watrr,  nt^iit  \^  ntinplrt«'l\  tiHnluMi*  und 
decidedly  aeid.  A  piece  of  ca^'in  stains  I4n«*  litmus  pajN*r  red. 

Affording  to  L,  MUJIAKUS  (in*  wjrlt'Hrtr  |utint  ureurs  wlirfi  thr  II 
ion  concentration  is  2.10  \  (*a*<m  f»>nu^  ^ult.^  vuhit-ilf  in  watrr  with 
alkalis  and  alkaline  earths,  One  of  ra^i-in  l»tni|s  H,sl  r.tv,  I  •  f<| 

normal  alkali  (using  ph(fn<«lphthal**in  :t.*  an  indiratun.  Frmu  this 
the  combining  weight  of  ru»trin  i*  IIM."i,  ;inJ  i  rittitMiMn  nutlttplt*  nf 
this  is  its  molecular  wi-ivht,  II  I  u»i  1 1  n  .u^*  **  ^\i  i,t  K  *l«*duri*d 
from  the  conduct i\ it \  of  MMln«<a  *  ,«-*m  »»I-j?r»'i  «iM»  in-i'ra-.ing 
dilution,  thai  casein  tt;i^>  a  ti*tr,i-  <u  I »  \  j- 1  j>  .  »*  ui  i  < h  »  ,  fhrri-fuh* 
its  molecular  wright  la>  l*rtttfi-n  l."*lo  insist**  f  fl  Konnu<«o\ 
an  a  result  of  his  ittu^lift  it  JIM  ,  roju*  *»>  Mn  »"Hiif!  »n  ruiirhix^ni, 
thai  only  si  M/I«//<-  carl*t*\i.l  ri»»«i|i  r»  r  ti1  '!  i  ff  i  ^<.:»  ti  -\»th  a  h;ixi*, 
W.  VAN*  DAM*  1ms  invent i^it rd  fl**  4?  i  jiii?fiMi«  -^  jj  i  <j.  rMMr^jjratinit 
of  kftie  add  solution  ii|»*»n  adtion,  »• »  *  nj  J^!  «•  «***  I''-!  «  ^*u/i  j,  that 
a  ba«c  gropp  unit<*s  ttiUi  I«MI  rrfu  i  -  .i1*!*  II  if  *,*i  ^  »  4  t  i  -114  mn|i*. 
oulc. 

In  Holution,  eiisrtn  .s«lt.s  nrr  !iyilri»iyfir;ill^v    «iiv*«»ri.'»!f«)   HH«(,    in 
fart,  it  follows  from  thr  ftiHutviuu  »4N|H'rtitn'ii!  »•.*"»  in     ,i«id'| 

forms  a  hydrosol.     A  n(  rii/tritr^Hliuiu  'Mluijnn  1-4 

slightly  opalt'fCfitit  and  !^f'i*iip»4  Hrnr  ujwm  HP-  niidiiii>n  uf  mi 
The  solution  of  rasrin-Hini*  nrr  -dill  $n*»ri-  opuli^rrti!  **ian'  flu* 

alkaline  earth  nn*  wrnkrr  !ni3rHf      i '5t,"«i>m.^ii*|iiiin   t|fw-,   ntl| 

diffum*  through  purehiurnt;    tin-  mriiilciiitr  mn^t   imii-  n  ilt-rittrd 
<lifferc*nft!  in  jiiitriiltitl  thr  Urn  tat*  n  t«-iulrnry  to 

diffuse. 

E.  LAQt'tit'U  and  f),  S.u'Kfii  t)M-  intrrmtl  fiirfiiiu  uf 

casein  stilt  stihitions  t««   ih«-   rirrtr««lytin 

dissortation,          flmi  i«vrr>*  1.4  «-l«'i*!r«*lyltr  dr^iiriatinn 

was  iKTiiiiipiiiiiril  t§y  a  Mf  inirnuil  frtrt?»«u.     Tlir  ra^i-tn 

ions  are  thui  fur 


Hemoglobin,  ||lf*  fubrtug  mitt^r  *t  ^l^  I  \ 
Htudieci  liy  I1,  itnm//!.     If  fc  jir.i-!i,u'.  i*»j«     %,i 
eal  mve»tigi4titiii  on  utucnint  erf  H:«  rni.tr,  ,.4^  n 


pronounced  colloid  character.  t'hemieally,  it  is  composed  of  the. 
protein  (//<*/*/«,  H  histone,  and  tin*  iron-containing  component,  ht'Huttint 
which  is  apparently  a  pyrrol  derivative. 

BwnHou*  used  1  per  cent  hemoglobin  solutions  It*  gauge  Ills 
ultrafilters  (see  p,  !HD, 

After  dialy/ing  three  to  four  months,  hemoglobin  solutions  have  a 
conductivity  of  K  2IF1  ••  I  x  1C)  *.  After  dialy/.ing  five  and  a  half 
months^  tlu*  tu'tnop;Utl»ia  was  roaipli*tt*ly  prtH'ipitatfd  tlitiiigli  Hit*  prr- 
iupttnft*  did  iJot  havi*  Iht*  ainorptuuts  fl<ircni!t*itf  rhararfi*r  <»f  oth«*r  pn^ 
ti'ias  hut  was  aior<*  granular  alt  hough  no  rrystalHtM*  ftmnations  rnuhl 
h<»  rrcogai/t'd,  If  tlw*  gnuuih'S  WI*IT  ti%iiitivt*d  l*y  filtration  during  tlt«^ 
dialysis,  thtw  was  ohtnintHl  u  HHl<lisht  optically  inartiv**  solution 
which  showed  no  p^irtirlrs  in  tho  ultnunirrosct>|H\  Stjch  a  sohuit»n 
<lcM*s  not-  puss  through  th<Miittlyxmg!n<*fnhrani*  untl  contains  partich*s 
which  nrt*  sotnt*whut  larger  tlmu  thosi*  of  HITUIU  athuinin  M--  drtt-r« 
ininrd  by  ultraftltratinn. 

Ui*garding  tht*  ahsi»rptiou  of  <>  and  (  *n3  hy  hfinoglohin  S«T  pagi« 
;iC)Ht  H  A'rr|, 

During  dialysis^  hnnoglohin  changes  to  snrthrmoglohin,  Mi«thr- 
nioglobin,  which  is  insoluhlt*  in  water  and  nctitral  xdts,  ri*dis,solv»--» 
ujHin  tht*  atttiitton  of  traces  of  alkalis  or  lit'id^, 

Purifunl  hetnoglohtn  migrates  to  tfie  .unode,  In  vimv  of  tltis  fad 
iiitd  tht*  relatively  high  conductivity  of  a  dt:dy/.(*<i  hentogl<jhin  solution 
I*.  !ioTt*A//4  ussuines  that  hemoglohin  is  utt  lifwiofilnlniiir  iifi'il  in- 
Kolulile  in  water,  hut  which  exists  in  solution  as  an  ntkttti  tu-mtHjlt*- 
h(nah\  Being  nil  amphotenc  t*lr«*trolyte  it  is  al^o  ^ultitilt*  in  acid.**  and 
then  migrates  to  the  cathode;  it*  il  ion  dissociation  far  exeei'd*  itn 
Oil  ion  dissociation.  According  ft*  L.  Mien.  \i-U4s,  on  the  contrary. 
hemoglobin  is  less  acid  than  serum  albumin;  its  ixo<*lectric  point 
occurs  with  itii  li  ion  concentration  of  l,s,  10  **,  The  viscosity  curves 
which  I*.  BOTA/,/!**  ohtainnt  on  dissolving  it  in  nlkulin  mid  acidn 
indicate  the  occurrence  of  fncthwnogiohin  i«*ns;  they  ri*f*i*iitl}li,*  tht* 
vim'onity  curves  of  alkali  and  arid  albumin.  Completely  <lialy/.ett 
tuHh(*moglohin  coagutatf*s  it!  4T1-  ftlf*  ('.;  iit  the  presence  of  tract** 
of  alkalis  ar  acids,  and  in  the  absent***  <»f  neutral  salts  c 
fail*  to  ttmtr  even  at  UKIM  (  I 


In  mnclusion  we  shall  mention  the  untcinK  and  mnctntlx.  They 
are  the  excretory  products  of  many  glands  and  tnay  he  hrietly  di-- 
Hcribed  as  animal  w*wrw.s.  The  jfcj^se^ion  of  a  carh«*h\drate  in  a<l- 
clition  to  the  protein  r«m*|M>nent  distingufshes  them  chefuically. 
(  NtHoid-chetnically  they  also  «»ccupy  an  intermediate  {neation,  HJur«* 
they  lire  not  coagulated  by  heat  but  are  precipitated  hy  ^ilf-.  and 
alcohol.  Because  of  their  acid  character  they  nrr  precipitated  by 
aciilH  and  dissolved  by  alkulitt. 
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The  Colloid  Products  of  Proteins. 

Proteins  undergo  hydrolyttr  etravau**  by  and'-,  alkalis  and 
en/yines.  From  the  vi.-ieoMty  eurxr  ivMtitinu  (mm  ihr  priilon^} 
action  of  XaOlI  on  albumin,  it  i*  tinlurnt  that  ihi*  diMuti-uration 
of  albumin  depends  upun  thr  albumin  inn^  ;  tt  .  \I,  HVM,^  K 
SoHOttu)-  T.  II.  KOHKIU'SMN  arri\rd  at  a  similar  ri»nrlit*iuu  (r,»m  j,js 
studies  of  thr  fryptir  ditti'Nli*«t  «*!'  rii.Hi4ti,  I  mlrr  tin-,!-  rirnim- 
staucrSj  it  is  ohvuars  that,  in  i^-iifnil  flu'  iiip'^ti«iu  ut'  aH*nmiu  liy 
(»iwyiu«'s  ocrurs  «u»n*  nvudily  in  ami  nr  alkalim-  ^ilutiuu  than  in 
iHHitral  solution  wlirrc  thrrr  arr  hut  iVvt  alhtuuin  l^n^, 

With  inm'jisiaK  s»l)divWtm  **f  tin-  itiMit-rulr.  tin*  *itiViiNiliiiitvk  rft\ 
"nuT(»asc»s,  aiul  the*  priri|}it»ti»ilif\    !**    n»  .j.i  u      t;»     ,|,  *fl(l  t  '      pjH* 
group   of   clfavaKr   |*ri«iiii'i  f    knuun   ;      »»'»,,,        '»/,/      lu^K 
through  unitnnl  m«*mI»rni«»N  nh  H  i    >K*     «^*     *    ;if     !|Mt  |(l  »fl    (f,\ 
tinguLshiHl  in  this  ly^trrt  f|M|U   fJUl    r,  .   ?!»;,,,,»  <      |  fl,  t    t^M    ,tjj 
still  to  a  n»rtain  rxtrnt  rollniih  i     j  in,.*!      »,*'.*»,  yuirr,    t  ifii     t  i 
tho  Hiirfan*  of  wat*T  td*vsrnl««l  MI,  }t    j;    ,4*JrK  »*  i        11^1^  m  |jlf 
dans  of  thosi*  «lyt«s 
loids.     II.  HKCIIHU 
rnos(»s  fr«»in  tin*  n* 
lH*ptom»s  nut!  ihi*  HfLMfty  nlat*»i 
buck  i*vt'it  by  10  p«*r  n*nt  filti  r-, 
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»*\jM»riiui»nts  wi*tv  imtl«Ttakt*ii  iuul  hirgrly  ozirrinl  utit   by 

Zrv/,**  Tiitn'  It\'i«I  to  :t  liitiltttiit^  <if  vulu.uttlr  n^ults. 
It  sul!i«'»>  to  uti'jiliuii  that  l»v  ultnttiltnition  of  thioalltutuost',1  thrr^ 
\vrrr  shown  It*  l«4  Hut  routpoufut*  of  titiviotisly  »itfiVrt»iit  rhrfttinil 
nutstittition;  :it*<l  that  in  hi*ti*n*«  atui  protoall»utiuH(*  at  Irast  t\v«i  :itul 
in  flit*  latter  prnl»:il»ly  rvi'ii  thn*r  "pr«»t**(H«4s*'  shuttM  IM*  a 


CHAPTER  XL 
FOODS  AND   CONDIMENTS. 

FORMERLY  the  preparation  of  food  was  one  of  the  most  important 
tasks  assigned  to  the  housewife;  nowadays  among  the  middle  and 
better  classes  this  duty  is  almost  entirely  surrendered  to  servants, 
while  among  the  working  classes  the  women  can  give  it  but  little  at- 
tention as  they  must  increase  the  family  income  by  work  away  from 
home.  These  conditions  have  brought  with  them  the  steady  de- 
terioration of  the  Art  of  Cookery.  The  raw  materials  nowadays 
supplied  to  the  kitchen  from  wholesale  establishments,  e.g.,  the 
bread,  fruit,  vegetables,  beer,  and  perhaps  even  meat,  etc.,  are,  it  is 
true,  of  a  much  superior  quality  than  formerly.  This  is  due  to  com- 
petition, easier  means  of  communication,  improvement  in  methods 
of  cultivation  and  all  the  advantages  consequent  upon  production 
on  a  large  scale.  The  conversion  of  this  raw  material  into  palatable 
meals  requires  a  large  measure  of  experience,  loving  care,  and  great 
interest  —  which  one  can  expect  from  neither  a  twenty-year-old  cook 
nor  the  tired  working  woman. 

Nutrition  is  undoubtedly  the  most  important  factor  in  our  whole 
social  life;  if  we  place  the  yearly  expense  for  nourishment  in  the 
German  Empire  at  ten  milliards  of  marks,  it  is  surely  underestimated. 
Only  a  one  per  cent  increase  of  the  successful  utilization  of  food 
would  show  a  yearly  profit  of  at  least  one  hundred  million  marks 
($25,000,000). 

It  is  hardly  to  be  expected  that  we  shall  accomplish  this  by  re- 
turning to  former  conditions,  but  rather,  in  a  different  way,  namely, 
the  development  of  the  art  into  the  science  of  cookery.  The  kitchen 
will  probably  adapt  itself  more  and  more  to  wholesale  prepara- 
tion, and  then  there  will  be  men  and  women  who  will  choose 
cooking  as  a  profession  because  of  their  scientific  training  for  the 
work: 

Colloid  Chemistry  furnishes  us  the  rules  for  the  selection  and 
preparation  of  our  foodstuffs;  because  cooking  is  nothing  but  prac- 
tical colloid  chemistry.  Our  foodstuffs  consist  entirely  of  colloids 
and  their  nutritive  value  is  to  be  judged  mainly  from  a  colloid-chemi- 
cal point  of  view. 


\\lt   mY/JM/A'AT.s'  It*!) 

Very  lit  I  It*  truly  seientitie  \\ork  !  has  II-H  yet  brut  accomplished  in 
this  field;  so  that  \ve  muM  content  ourselves  with  indicating  the 
problem.* 

Mo&t.  What  wke  consume  us  "  meat  M  consist*  for  tin*  most  part 
of  muscle  fibers  and  connective  tissue  with  the  interspersed  fat.  In 
judging  the  meat  «»f  healthy  animals  its  source  is  the  chief  criterion; 
young,  well-nourished  animal*  posses*  a  juiry  meat  and  tender  eon-» 
nective  tissue,  whereas  oh!  worn-out  animals  an*  le.s*  juicy  and  their 
conniu'tivr  tissue  nhi»\vs  a  linin*r  <*tnirtun*.  !*'n»in  th»*sf  tVw  prcinist's 
it  is  rvitlt'ut  that  it  i*  a  «jur^tU»u  of  liiffi«i*  ntstl  xm'llimj  cttjuiwhjt 
which  rltiutgr  with  au**;  thi?»  is  au  iiiijw*i1iii!t  rt»iloid-fhi*tniral  prol»- 
h»IU.  If  i^4  still  Jill  t»Jtrli  ((Urstiuti  wlirffnT  thr  IrillKliriting  of  rtili- 
nt'ftivi*  tisMH*  may  1»t-  mmpari'd  to  flit*  ligiiifiriitittn  ttf  tht*  va^mlar 
hundl(*s  iif  plants,  whirh  ai'rordin«  to  II,  Wi>M»'i':\t\s*  i.Nri»  pp,  *J1!> 
and  *25(h  i^  dm*  to  flu*  a«N*irptit»u  *»f  rolloids  from  flu*  f.umlii.'d  nup. 

l*V«*sli  killrd  m«4;fif  i.>»  t«*n*!«*r;  It  ln*roim*s  >»oft  auain  only  upon  thi* 
iiisap|H*arau*'t4  ttf  ri^nr  mortU,  llti^  \*  ronditi«tn«*d  l»y  ph«'ttoiiM*ua 
of  swt*Hinu;  ami  shrinkiuy;,  ait  ififrtv^ttiifi  mt*tho«i  for  sttnlyiuy;  mrat 
adopt «*d  In*  t),  \nv  l^iliili  and  f%.  I*f>:rK,  Aft»T  dfath  Inrtii'  ariil 
a(U*unuUatt4s  in  tin*  ittti^ritlar  ti>»^ur,  and  ^ri'atly  UH'IVHNI'*  thr  swell •• 
tii^  capacity  *»f  fli«*  mu^c|«»s  t.w  p,  L**ifiiB  If  ^urli  n  tmiNcir  b 
placi*d  in  a  ililillt*  null  !"»»l!ili«*ii  it  swrlh  tip  ami  after  iilmiif  *jr* 
hout^t  has  taki*n  up  H  ma\imttm  am«»tint  *»f  water  of  ^uellin^,  Then 
xhrinking  occurs  as  tin*  ri«^ult  of  tlit-  pro^re^ive  coagulation  of  the 
musrh*  iiltiiiiitiii,  Th<*  rurve  ol»tainetl  in  this  manner  ha*  a  quite 
characteristic  *ha|»c  ili*|»t*iidinK  on  what  ha«  h;ip|M*ned  to  tin*  me/it, 
Fig.  ,i  shown  the  ctirvi*  tif  sweilinu;  of  horse  heart  three  or  four 
hours  after  staugM*'r;  FIR,  II,  after  it  lias  In^en  kept  3  day*  in  f  fit*  ire 

1   Jit  tht*  t'lifiiirrf  tuft  I  If   J.IJ    \I    ttf  1 1 4t%  i  fii«  fit  inff  l,».v»*i4l»H  "  t  IP*  <  It^iiir'ff  i 
of  C  *«Hitvft>  ,'*  lt\   \iiriii.t    \\t»Mttt>,  lt*iii*I*iii»  1 1*  iifi»  4  \\tnolin,  ISM,»       |J    c 
SIUUM^N  Iris  IIP  Itifl*1*!  $j*  IP    t«»t*    '   I  *«i4  Pimlini  i   *  \lrP  null  if}  I  n     f**i;,  i|4,- 
ilii|iitf l.itit  tri'i  til  if  if  i       Hi  I*M  *m  n't  l\#    *i«,tti«'j*i*    t'i\.ifi«*!i  *tf  |H  i)  I?  ihj*  <M»U| 
'4iltf  i  Jw*  ii     iliiii'4  |?|*  it    «iii|w*|»iifir»         iModl  4ii4r  |^HI?  j  <  •*  iu.>K«-   |»      »!«!»•  ?J*«' 
f  I  ill  '|n*ff*£ttli44  tif  I  if  Hi  i|i|i!ifili»  .t*f  l»  i/i  f  ilifi     it*  htMift'tl  »  itfu  '»J*M'»         t   I  mi  4*i  * 
\    Ki%ii**itf  In    pt»    «i*>»  I  t««  v* » ll«-fil   mi«H4f  »*f  it**  ta»  tfi*«  I  ^  4i§4  Iif*  s  *?nt*  •»?  »ii» 

tl$|f  klll4  »i»*it\»lf»illli|*  l«*MfJ  t  iii    \$  I  v»   l?i«4  11  '*  "     M  «tMl  ii  iff  tii'lli   Hi  >J  I    fpliiiii,     * 

\iiii  NiHnifn!    t'UH     1  li»  |»t»»it}ii »  iif*<  .Hi*   i^ip*$it*    "U   It*    I  \  ?i*  t|  4f»»i  ;», 

tin  Mi*  HI  t\i  it  It  %$iiit%n\S  I  fttwt  |{<  t  a*  li  L  I|M*I  if<i$^  HI  i»|  «•%»-«  Iirj4t  «jn  *lii  ; 
iiir  wild  f»i  fi  f.iiii  ll**d  iiti|*M!f4jif  f«*<»4  it » i  »*j»»-  Hi*  "^*  II  *' t )' ht  tti  if**!  tin*  i 
if  |$ri«Itirf  it*  itiMt  if  iif  tt  ,t  tut*  In  *?*  ft  iiffw  r  iftjfi'  ilujjis»lsf*  !f<i  l»  !«*(<«  f  »'jj;i* 
iitf  ciisttrtttif  I,  \  CHI  Mutt*  r  M  |if«*\tt»t  («i$  tt t  itriil  tiMii  M!  flii  in  -M  tl^ij 

viililit**  -tilt  if  ,4$ii*f"j   in    !  i  j»f  stt  »fu|ii  i«  f   ttiili  tjp    ]»i*Hhto  I    iii'l  HI*!*,    »    t«»  »H  j(*i 
ri'lifjgr   it  In -I,      *flir    |  if  i  «**'  •    I-   i)ftji*«     flir   r»'\*t   r   N|    M|»Iiliii^    i»«^  3fi|r   i»  h*  j,    >,,j 

f  ItMtf    I'*    IIifl*Ir   fit    frt  iJI|    ||iU!*fli|«     ,sf|4 

*if  flir  fi»i«I  !»}   iti$fi  )«>  ,>t  i  nt^u 
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box.  In  the  first  instance  it  absorbs  approximately  10  per  cent  of  its 
weight  in  the  first  25  hours,  then  shrinking  occurs.  The  ice  box 
heart,  on  the  contrary,  immediately  begins  to  lose  water,  and  at  the 
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FIG.  A. 

end  of  45  hours  has  lost  by  shrinkage  about  55-75  per  cent  of  its 
water. 

Typical  are  curves,  Figs.  C,  D,  E,   which  show  comparatively 
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FIG.  B. 

butcher's  meat,  cold  storage  meat  and  hare,  which  have  been  kept  a 
year  at  —  10°.  In  actual  practice  the  method  is  to  weigh  morsels  of 
meat  of  as  nearly  the  same  size  as  possible,  and  after  placing  them  in 
salt  solution,  at  hourly  intervals,  to  determine  the  changes  in  weight. 
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Percentage  Change  in  Weight 
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Cold  Storage  Meat 
FIG.  D. 
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Swelling  of  Hare  Flesh  after  Preservation  for  more  than  a 

Year  at  -10°  C 

FIG.  E. 
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Naturally  a  salt  solution  of  the  same  concentration  (5-10  per  cent) 
is  always  employed.  In  pure  water,  shrinking  occurs  immediately, 
since  muscle  albumin  coagulates  in  it  spontaneously.  High  concen- 
trations of  salt,  25-30  per  cent,  likewise  depress  the  curve. 

New  problems  arise  in  cooking  meat.  If  meat  is  boiled  in  pure 
water  we  obtain  a  "weak"  broth.  Muscle  albumin  coagulates  in 
water  before  heat  coagulation  occurs  and  this  impedes  the  exit  of  the 
crystalloid.  Salt  is  therefore  added  immediately  if  good  soup  is  to 
be  expected.  With  boiling,  heat  coagulation  occurs  whereby  the 
meat  loses  from  20  to  30  per  cent  of  its  water.  The  mechanism  of 
this  loss  is  still  unknown.  We  can  understand  why  there  should  be 
a  loss  of  from  20  to  35  per  cent  in  roasting,  and  it  would  be  still 
greater  if  the  surface  were  not  constantly  protected  by  pouring  over 
or  dipping  into  fat  (basting). 

Preserved  meats  are  less  perishable  because  they  contain  less  water 
and  because  the  muscle  albumin  has  been  converted  into  a  character- 
istic gel  condition.  This  end  is  attained  in  various  ways:  In  pick- 
ling, water  is  removed  from  the  meat  by  the  salts  of  the  brine, 
while  at  the  same  time  there  is  an  exchange  of  crystalloids,  whereby 
salts  enter  from  without  which  change  the  albumin  as  regards  its 
coagulability  and  swelling  capacity;  and  extractives  leave  it  and 
are  removed  with  the  brine.  Of  course  very  important  changes 
occur  during  storage,  so  that  according  to  A.  GARTNER,  with  in- 
creasing age  pickled  meat  becomes  more  difficult  of  digestion  and 
loses  30  per  cent  of  its  nutritive  value.  Smoking  of  meat  is  usually 
preceded  by  a  short  pickling  process.  The  abstraction  of  water  in 
this  case  is  accomplished  by  means  of  a  strong  current  of  air,  and  in 
the  dried  meat  (pemmican)  which  is  much  relished  in  some  regions,  in 
the  Arctics  (for  instance),  there  is  no  loss  other  than  water.  \ 

^  Naturally,  the  properties  of  every  gel,  materially,  depend  upon  its 
history.  To  quote  a  single  example:  F.  STOFFEL*  (in  the  laboratory 
of  PROF.  H.  ZANGGER)  found,  that  the  diffusibility  of  one  and  the 
same  substance  through  the  identical  gelatin  differed,  depending 
upon  whether  the  gelatin  was  rapidly  solidified  with  ice  or  slowly 
cooled  at  room  temperature.  Accordingly,  we  may  assume  in  the 
case  of  meat,  that  the  properties  of  the  coagulated  albumin  will  vary 
with  the  conditions  maintained  during  coagulation,  and  that  upon 
these  depends  its  food  value. 

An  essential  question  in  the  investigation  of  sound  meat,  pre- 
served meats  and  food  preparations  must  be  their  available  food 
value,  which  can  be  answered  only  by  complicated  and  expensive 
metabolism  investigations.  From  my  point  of  view  this  ought  to 
be  a  fruitful  field  for  the  colloid  chemist,  who  ought  certainly  to  be 
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in  a  position  to  replace  with  simpler  methods  some  protracted  metab- 
olism experiments.  I  might  incidentally  mention  the  methods  of 
adsorption  and  staining  which  hitherto  have  not  been  sufficiently 
considered.  In  the  various  food  preparations  (whose  names  need  not 
be  mentioned),  it  is  quite  unessential  whether  they  contain  a  few  per 
cent  more  or  less  of  carbohydrate  or  nitrogen,  a  fact  which  is  always 
especially  emphasized  in  the  advertisements;  whereas  it  is  quite 
important  to  know  their  swelling  capacity,  and  whether  this  permits 
their  complete  and  rapid  utilization  in  the  alimentary  canal. 

Milk  and  Dairy  Products.  Milk,  as  a  physiological  excretion  will 
be  considered  on  pages  345,  et  seq.}  and  there  also  much  is  said  which 
pertains  to  its  properties  as  a  food  material.  Here  we  shall  concern 
ourselves  merely  with  the  examination  of  milk.  The  present-day 
methods  of  milk  examination  are  limited  to  certain  characteristics 
which  are  especially  easy  to  determine  and,  therefore,  are  easily 
simulated  by  adulterators.  Pure  food  officials  lay  most  stress  on 
the  water  and  the  fat  content.  Sometimes,  in  addition,  they  de- 
termine the  protein  percentage,  preservatives,  and  the  possible  ex- 
istence of  disease  organisms.  Inasmuch  as  milk  is  by  far  the  most 
valuable  food-stuff,  it  is  of  the  greatest  importance  not  only  to 
determine  variations  produced  under  the  normal  circumstances  by 
adulteration,  but  also  those  occurring  under  normal  conditions  of 
production,  change  of  fodder  dependent  upon  change  of  season, 
natural  and  artificial  fodder,  boiling,  pasteurization,  etc.  Accord- 
ingly, H.  ZANGGER*2  and  his  pupils  undertook  to  discover  new 
methods;  in  them  he  regarded  milk  as  a  solution  of  colloids  and 
electrolytes,  Of  the  colloid  methods,  ZANGGER  and  his  pupil, 
KOBLER,  have  chosen  the  determination  of  surface  tension,  which 
proved  to  be  one  of  the  "most  complicated  but  perhaps  the  most 
delicate  and  flexible  method."  Among  the  various  procedures,  the 
bubble  method,  in  which  bubbles  are  allowed  to  form  in  the  fluid, 
gave  the  most  constant  results. 

Normal  milk  gave  quite  constant  figures.  Inasmuch  as  by  this 
method  only  such  substances  have  an  influence  as  are  forced  to 
the  surface,  these  can  make  themselves  evident  in  the  minutest 
quantities.  Adulteration  with  water  is  not  easily  detected  by  this 
method.  Fermentation,  on  the  contrary,  causes  great  departures 
from  the  normal,  which  are  explained  by  the  development  of  fatty 
acids.  The  addition  of  alkalis  also  changes  the  surface  tension. 

By  the  study  of  the  viscosity,  abnormal  protein  and  fat  content 
could  be  shown  and  likewise  additions  (adulterations)  which  in- 
fluenced the  amount  of  swelling  (especially  alkaline  additions).  The 
viscosity  is  also  diminished  by  violent  shaking,  though  milk  regains 
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through  quiet  its  original  viscosity  (to  within  1  per  cent)  provided 
it  has  not  been  shaken  long  enough  for  curds  to  form. 

This  observation  was  of  great  practical  importance  because  milk 
suffers  violent  shaking  during  transportation.  Experiments  in  which 
milk  was  carried  by  wagon,  train  and  post  more  than  three  hundred 
(300)  kilometers  showed  that  there  was  no  evident  irreversible  loss 
of  viscosity. 

Dr.  GROSSER;  according  to  a  personal  unpublished  communication, 
has  made  a  very  noteworthy  observation  in  the  ultrafdtratio?i  of 
milk.1  It  was  shown  that  raw  milk  gave  an  ultrafiltrate  much 
richer  in  lime  than  did  boiled  milk.  In  boiling,  the  calcium  is  bound 
to  the  milk  colloid  and  remains  with  the  latter  on  the  ultra-filter. 
Thus,  a  simple  means  is  furnished  for  distinguishing  raw  from  cooked 
milk.  Definite  differences  exist  between  human  and  cow's  milk 
which  offer  a  new  basis  for  the  difference  these  two  kinds  of  milk 
exhibit  in  respect  to  their  assimilibility  (available  food  value) . 

The  classification  of  the  milk  colloids  to  which  J.  ALEXANDER  and 
J.  G.  M.  BULLOWA  have  drawn  attention  must  be  considered  in 
future  tests  of  milk  (see  p.  349). 

Since  the  water  and  the  crystalloid  content  of  milk  are  almost  con- 
stant, many  adulterants  can  be  detected  by  the  departure  of  the 
water  and  the  milk  content  from  the  normal.  For  this  purpose  it  is 
necessary  to  remove  the  fat  and  colloid  constituents  without  chang- 
ing the  content  in  water  and  salts.  To  determine  the  addition  of 
water y  J.  MAI  a-nd  S.  ROTHENFUSSER*  coagulate  the  milk  colloids  with 
calcium  chlorid  and  then  measure  the  water  content  by  refraction. 
KURT  OPPENHEIMER  determines  the  milk  sugar  polarimctrically,  after 
he  has  removed  the  milk  colloids  with  colloidal  ferric  hydroxid. 
According  to  S.  ROTHENFUSSER,  by  treating  milk  with  lead  acetate 
in  strong  ammoniacal  solution  at  85°  C.,  the  milk  sugar  is  adsorbed 
when  the  colloids  are  coagulated,  while  saccharose  remains  in  solu- 
tion. According  to  ROTHENFUSSER,*  the  smallest  adulteration  with 
foreign  sugar  (saccharated  lime)  may  thus  be  detected. 

Among  dairy  products,  condensed  milk  must  be  considered  as  of 
great  importance.  This  is  milk  which  is  evaporated  with  the  addition 
of  25  to  50  per  cent  cane  sugar.  All  who  are  forced  to  use  it,  es- 
pecially colonists,  know  how  ill  it  satisfies  the  demand  for  a  milk 
substitute.  One  of  the  essential  properties  of  colloids  is  that  their 
condition  is  not  reversible  to  the  same  extent  as  crystalloids.  This 
may  be,  in  addition  to  the  destruction  of  certain  flavoring  substances, 
an  important  reason  for  the  lessened  value  of  condensed  milk.  The 
various  dried  milk  products  when  stirred  with  cold  or  warm  water 
1  In  a  private  communication,  as  yet  unpublished. 
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give  an  incomplete  emulsion  and  there  always  ^remains  a  sediment. 
The  older  the  preparation  the  more  incomplete  is  the  solution.  We 
here  approach  once  more  a  phenomenon  which  was  touched  upon  under 
"Aging  of  Colloids"  (p.  74).  J.  G.  M.  BULLOWA  informs  me  that 
JUST  and  HATMAKTCR  have  invented  a  process  which  avoids  these 
disadvantages  and  which  is  already  in  use  on  a  large  scale.1 

Cream  is  a  fat  emulsion  which  contains  at  least  1Q  pex  cent  fat. 
Cream  for  whipping  contains  as  much  as  30  per  cent.  This  emulsion 
has  the  property  of  building  thick  foam  walls  which  possess  con- 
siderable consistency.  In  order  to  simulate  a  high  fat  content, 
potato  flour,  gelatin  or  whipped  white  of  egg  are  added  as  adulter- 
ants to  cream  deficient  in  fat.  Calcium  saccharate  may  also  raise 
the  viscosity.  S.  M.  BABCOCK  and  H.  L.  RTJSSEL*  recommended  its 
addition  to  milk  or  cream  w"hich  has  become  thin  from  being  heated. 
The  food  industry  has  adopted  this  and,  nowadays,  ".calcium  sac- 
charate solutions  enter  commerce  under  various  names  (grossin,  etc.) 
as  thickeners.  According  to  FR.  ELSNEK,  their  effect  is  quite  mar- 
velous. Their  detection  is  easy  by  the  method  of  ROTHENFUSSER, 
described  on  page  174.  An  artificial  cream  may  be  obtained  by 
emulsifying  warm  margarine  with  skim-milk  and  adding  egg  yolk. 

It  is  evident  from  what  was  said  on  pages  15  and  34,  why  an 
emulsion  such  as  whipped  cream  or  the  like  is  so  stiff,  because  we 
know  how  great  a  force  is  necessary  to  deform  spheres  of  such  small 
size. 

In  milk .  and  cream,  the  aqueous  colloid  solution  is  the  dispersing 
medium  and  the  fat  is  the  dispersed  phase;  in  the  case  of  butter  this 
relation  is  reversed.2  According  to  law,  butter  may  not  contain 
more  than  16  per  cent  water,  though  it  is  possible  to  impregnate 
it  with  water  to  more  than  30  per  cent.8  According  to  POSNJAK, 
the  addition  of  alkalis  and  glucose  increases,  whereas  increase  of 
acidity  diminishes  the  capacity  of  butter  to  absorb  water.  (W. 
MEIJERINGH.*)  The  kneading  in  of  water  is  always  reckoned  to 
be  an  adulteration,  because  water  is  cheaper  than  butter.  From 
the  standpoint  of  the  colloid  chemist,  it  has  always  been  a  question 
whether  the  amount  of  water  in  butter  or  rather  the  content  of  skim- 
milk  does  not  increase  its  digestibility  and  whether  it  is  not  the 
dispersion  by  means  of  the  albumin  or  rather  casein-containing 
aqueous  solution  which  makes  butter  so  much  superior  in  digesti- 
bility to  other  fats  of  high  melting  point;  and  whether,  if  the  above 
assumption  should  be  proved  correct,  it  would  not  be  possible  to 
find  a  legal  way  to  permit  butter  to  have  a  greater  water  (i.e.,  skim- 
milk)  content.  In  the  manufacture  of  margarine,  skim-milk  is 

1  [MERRALL  and  SOULE  of  Rochester,  N.  Y.,  spray  milk  into  heated  air  to 
dry  it.     TrJ 

2  [See  work  of  MARTIN  H.  FISCHER  and  G.  F.  L.  CLOWES.    Tr.] 


176  COLLOIDS  JN  BIOLOGY  AND   MEDICINE 

added  to  the  fat  in  order,  we  are  accustomed  to  assume,  to  give  it 
the  taste  of  butter.  It  is  yet  to  be  determined  whether  it  is  not  just 
this  addition,  which  gives  the  fat  the  dispersion  characteristic  of 
butter,  and  thereby  its  greater  digestibility.  The  darkening  of 
margarine  in  heating  is  undoubtedly  to  be  attributed  to  the  added 
skim-milk. 

By  changing  the  colloidally  dissolved  albuminous ,  substances  of 
milk  into  the  gel  form,  we  obtain  cheese.  Coagulation  can  be  brought 
about  by  means  of  rennet  (sweet  milk  cheese)  or  through  acidification 
(sour  milk  cheese).  In  cheese  we  have  an  emulsion  of  fat  in  a  protein 
gel;  whereas  in  skim  or  sour  milk  cheese  (kummel,  Harz  and  hand- 
kase),  the  amount  of  fat  is  only  the  small  amount  afforded  by  skim- 
milk;  it  is  quite  high  in  the  fatty  cheeses  (cream,  Swiss,  Camembert 
and  Roquefort). 

A  process  of  great  interest,  as  yet  uninvestigated  from  the  colloid- 
chemical  standpoint  is  the  ripening  of  cheese.  Through  the  action 
of  bacteria  there  occur  changes  in  the  structure  of  the  cheese  which 
are  specific  for  every  variety  and  which  cause  the  spotted  appear- 
ance found  in  the  various  kinds  of  cheese. 

For  cheese,  chemical  tests  are  limited  to  the  determination  of  the 
water,  fat,  albumin  and  salt  content  and  the  possible  adulterants. 
The  most  important,  namely,  the  swelling  capacity  in  the  presence 
of  the  digestive  ferments,  is  nowadays  entirely  ignored,  although 
this  would  furnish  the  simplest  method  of  deciding  the  important 
question  of  the  digestibility  of  cheese. 

Honey  should  in  the  main  be  composed  of  sugar;  it  is  neverthe- 
less frequently  adulterated  with  glucose  and  dextrin.  My  opinion 
is  that  tests  of  the  surface  tension  of  dilute  solutions  would  lead  to 
the  detection  of  such  colloidal  adulterants. 

Flour,  Dough  and  Baking  Products. 

The  examination  of  flour,  in  addition  to  the  microscopic  histologic 
study,  extends  to  its  doughing  and  baking  properties.  These  two 
questions  belong  entirely  to  the  province  of  colloid  chemistry. 

Art  is  in  advance  of  science  in  this  matter.  There  exist  the  most 
diverse  methods  for  discovering  the  presence  of  foreign  substances 
in  flour  and  for  distinguishing  its  various  varieties  by  determining 
the  temperature  at  which  it  becomes  pasty.  The  baking  capacity 
in  particular,  which  is  intimately  botmd  up  with  the  swelling  capacity 
of  the  gluten,  is  applied  colloid  chemistry.  The  more  glutenous  the 
flour,  the  more  water  it  binds  (38  to  60  per  cent)  and  the  greater  is 
its  capacity  to  be  kneaded. 
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The  apparatus  for  thin  determination,  especially  that  of  1**'<> 
LIKHKKMANN,  measures  the  t'xpunsiou  of  the  "doughed  up"  Hour 
under  the  influence  of  heat, 

I  must  not  omit  to  shite  here,  that  Hour  whose  baking  capacity 
has  suffered  (for  instance  by  over-heating  the  gluten  in  grinding* 
may  be  restored  by  the  addition  of  common  salt,  piaster  of  paris, 
water  and  alum. 

What  has  been  said  of  flour  applies  also  to  /wr/mm/  Jl*ntrx  and  in- 
fant  fowl*.  In  the  latter,  in  addition  to  the  pmper  eom]Misitionf 
of  digestion  and  the  property  of  preventing  curdy  coagulation  of 
milk  in  the  stomach  must  be  considered.  It  should  be  <letermint*d 
whether  a  part  of  the  dilttcult  and  complicated  {nctat»oH*rn  ex« 
periments  could  not  be  substituted  by  simple  testing  according  to 
suitable  colloid-chemical  methods  (swelling,  ete.i. 

In  the  investigation  of  thwyh,  <yu-<hut[fh  and  /w/wm/  /i/Ww/,* 
(bread,  noodles  ancl  macaroni),  there  occurs  a  phenomenon  which  i,s 
very  suggestive  of  a  similar  occurrence  in  the  case  of  milk  (see  p, 
345),  namely,  that  one*  cannot  recover  tht*  quantity  of  fat  present  iit 
tlie  original  flour  by  means  of  ether  extraction,  and  indeed,  If  would 
be  interesting  to  determine  how  the  adsorption  of  the  fat  occurs  if 
then*  in  any  adsorption.  In  this  connection  we  may  consider  Ifint  in 
the  cane  of  products  math*  of  egg-dough,  vvt*  distinguish  between  /ivr 
lecithin  (extract ihle  with  ether)  and  htmntt  lecithin  detract ibb*  with 
alcohol).  Perhaps  here,,  too,  it  is  a  question  of  adsorption, 

Next  to  milk,  hrnitl  is  our  most  important  fnodstutl.  tin-mi  rntikintj 
may  be  briefly  mentioned  hen*.  Bread  is  prepared  from  Hour,  which, 
if  it  were  consumed  directly  or  made  into  a  paste,  would  1«4  badly 
digested  because  tht*  flour  grains  |io*scss  only  it  small  swelling  capacity 
ancl  tht*  surface  development  of  the  entire  mass  is  very  smalt.  Hit* 
making  of  bread  renders  the  individual  parts  easily  aeee**iMe  tu  the 
digestive  juices.  For  this  purpone,  the  dough  tHour  mi\e*l  with  wnlrri 
is  catised  to  ferment  by  the  addition  of  yeast  or  sour  dt»ugh.  \*  n 
rewilt,  the  starrh  grains  swell,  burst  utid  take  tip  water,  a  j«irtttin  i^ 
converted  into  dextrin,  part  of  which  in  still  further  bmknt  dmvu 
into  sugar,  alcoliol  and  carbonic  acid  By  foum  fortuatutti. 

the  carbonic  acid  gas  causes  an  enormous  inc.n*as<*  in  thr  Nurfnc**  uf 
tht*  mass.  Incidental  fcTinentntive  prtKtess<*s  give  flu*  ghuni,  the 
plant  albumin,  the  jiower  to  swell  up.  This  comitttctn  H  cumplefrd 
ancl  to  a  certain  extent,  fixed  by  baking,  lite  dr\trim/.'ttttu*  nf  ihr 
Ktart-h  in  thus  completed,  the  development  of  .Mitrfjici*  i^  merrifMnl  Uv 
the  wttwrHum  t»f  the  wider  into  steam  and  th«*  i'\p:iusitin  t»|  lip* 
carlK>nic  add  gas,  the  gluten  is  migulnti'd  and  further  rhzuigi^  w 
Htop|H»d  by  the  killing  of  the  fermenting  agents. 
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Ultimately  we  obtain  a  framework  of  coagulated  gluten  whose 
pores  are  filled  with  shattered  starch  grains. 

The  crust,  which  does  not  swell  much,  acts  as  a  protection 
both  against  the  absorption  of  water  and  its  loss  from  the  interior. 
A  good  bread  should  contain  from  35  to  45  per  cent  of  water. 
Upon  keeping,  it  loses  about  1  per  cent  daily  until  the  loss  reaches 
15  per  cent.  After  that,  the  water  content  is  dependent  on  the 
humidity  of  the  atmosphere;  this  corresponds  to  the  behavior  of  an 
elastic  gel.  It  is  interesting  to  note  that  the  salt  content  plays  a 
role  in  the  condition  of  swelling,  because  unsalted  bread  dries  much 
more  readily  than  salted  bread. 

There  is  a  widespread  error  that  stale  bread  has  lost  water  and  is 
dessicated.  This  is  not  true;  the  crumbling  consistence  of  stale 
bread  is  due  to  a  shifting  of  the  water  within  the  loaf;  the  starch 
grains  transfer  water  to  the  albuminous  framework.  J.  R.  KATZ 
studied  this  problem  and  found  that  bread  kept  fresh  longer  at  50°  to 
100°  C.  as  well  as  below  — 10°  (best  in  a  current  of  air),  in  other  words, 
there  is  a  balance  of  swelling  in  starch  and  gluten  which  corresponds 
to  that  of  fresh  bread.  At  from  0°-25°  C.  stale  bread  is  the  stable 
form.  Staling  is  a  particularly  reversible  process;  dry  rolls  are  made 
fresh  by  heating  them.  This  is  an  old  expedient  frequently  employed. 
The  results  of  KATZ'  research  on  keeping  bread  fresh  at  low  tem- 
peratures deserves  the  attention  of  the  trade. 

The  digestibility  and  available  food  value  of  bread  depend  par- 
ticularly upon  its  "dispersibility"  and  swelling  capacity. 

A  perfect  wheat  bread  may  be  utilized  to  the  extent  of  94  per  cent 
—  a  rye  bread  to  90  per  cent.  For  this  purpose,  the  flour  used  must 
be  as  fine  as  possible,  otherwise  the  utilization  is  imperfect.  It  must 
also  be  properly  swollen  up;  fresh  bread  which  is  too  wet  is  digestible 
with  difficulty.  It  packs  together  and  the  changes  induced  by  the 
incorporation  with  the  saliva  and  other  digestive  juices  are  differ- 
ent from  those  with  old  or  dry  bread.  Most  difficult  to  absorb  are 
the  proteins  (55  to  85  per  cent).  The  great  heat  (in  the  inner  parts 
amounting  to  110°),  acting  in  the  presence  of  a  small  quantity  of 
water,  produces  a  coagulation  which  greatly  reduces  their  swelling 
capacity. 

The  grain  shortage  during  the  war  caused  the  attempt  to  make 
bread  from  potatoes.  Potato  flour  yields  a  heavy,  indigestible  mass 
when  heated  in  the  way  usual  for  ordinary  flour.  Different  attempts 
were  made  to  overcome  this.  According  to  A.  FORNET,  the  Ex- 
perimental Station  for  the  Utilization  of  Grain  mixes  in  an  unknown 
gluten  substitute.  WILHELM  OSTWALD  recommended  blood  or 
casein  dissolved  in  ammonium  carbonate  as  a  substitute  for  gluten. 


WALTER  OSTWALD  nncl  A.  RIKDKL  made  a  porous  starch  bread  by 
adding  a  starch  paste*  to  the  starch  dough  before  baking.  A  **pseud<H 
coagulation"  occurred  during  the  baking*  the  unburst  starch  grains 
abstracting  water  from  tin*  burst  ones.  The  internal  friction  of  the 
paste*  becomes  so  great  that  the  air  bubbles  cannot  escape  during 
th 


Beer. 

The  fertneututioti  industry  MO  highly  developed  scientifically  and 
technically  has  already  paid  attention  to  colloid  chemistry  uud  pro- 
duced u  not  inconsiderable  literature  (nee  F,  KMSI*ANI>KU  *J|  which 
in  part,  however*  is  not  altogether  free  from  dilettantism. 

It  would  take  us  too  fur  nfu*ld,  were  we  to  consider  the  whole 
process  of  beer  brewing1  from  tin*  colloid-chemical  viewpoint;  we 
must  restrict  ourselves  to  the  finished  product. 

Beer  is  u  fermented  beverage  with  im  alcohol  content  of  from  2  to 
r>  pu-  cent,  .some  ncefic  ucid  and  from  1  to  8  per  cent  extractives, 

The  extractives  consist  in  greatest  part  of  curlnihydrntes  (multosc, 
dextrin  and  gums'),  to  a  lt»sm»r  extent  of  proteins  (about  (Mi  per  cent), 
and  in  addition,  salts,  hop  bitters,  hop  resin  and  several  alkaloidat 
substances,  besides  small  quantities  of  fermentation  products  such 
as  glycerin,  lactic  acid  and  sueeinie  acid, 

The  persistent  lint*  foam  which  a  fresh  beer  should  show  in  brought 
about  by  its  colloidal  content.  It  is  a  sign  that  the  colloids  have  not 
yet  been  broken  down  too  far,  and  has  at  the  same  time  flu*  more 
important  purpose  of  retaining  the  carbonic  acid  gas.  In  a  solution 
supersaturated  with  gases,  the  formation  of  bubbles  is  rithrr  in- 
creased or  diminished  by  the  colloids  present  at  the  moment.  We 
know  further,  from  page  III,  that  a  certain  premire  is  m*rt«ssnry  to 
overcome  the  surf  act  »  tension  and  bnrst  the  bubble,  r.j/.,  n  noup  bubble, 
HO  that  the  carbonic  acid  gas  of  beer  is  under  u  certain  prewurr 
beneath  the  foam. 

The  condition  rather  than  the  amount  of  the  foam-forming  itllm- 
minHisiwm*  important  for  the  foam-keeping  quality  of  bt»t«r»  Th«w 
are  beers  rich  in  albumin  which  remain  foamlcsx  and  INMTS  jMHir  in 
allmmin  whiclt  foam  well  According  to  F,  KMSI.ASUKK*  it  is  mainly 
the  soft  hop  resin,  in  addition  to  the  acidity  of  tin*  beer,  which  make* 
the  albumins  foam, 

1  Him,  K\!Si,.\N!t».;f<  ntlU  itttfiitton  to  im  "mln'n^iim  n*liiti*«n  l»rftti*r$i  hw-f 
l»n*wtaK  ami  ianrtivntioii  of  frriiii*»ls  hy  ^ItukiaK,  mi*  p.  !H«I.  Hmi-rrfi  him*  luim 

»  -« 
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A  perfect  beer  should  be  absolutely  clear;  turbid  beers  are  unre- 
liable, but  no  objection  can  be  raised  to  a  dusty  or  net-like  appearance. 
In  the  latter  case  the  disperse  phase  consists  of  protein  particles,  dex- 
trins  or  precipitates  of  hop  resin.  Some  yeast  may  also  be  suspended. 

Occasionally  in  very  cold  beers  cloudiness  develops  which  may  be 
ascribed  to  precipitated  albumins,  which"  disappear  when  the  beer  is 
warmed.  In  the  United  States  where  iced  drinks  are  in  great  de- 
mand, especial  pains  have  been  taken  to  master  the  difficulty. 

The  alkalinity  of  the  wash  water,  the  carbonic  acid,  and  the 
atmospheric  oxygen  during  the  brew,  play  an  important  role  in  the 
resistance  of  beer  to  cold.  According  to  R.  EMSLANDER*  the  surest 
means  is  the  addition  of  some  pepsin.  [Wallerstein  has  patented 
the  addition  of  a  proteolytic  enzyme  to  beers,  to  prevent  cold- 
cloudiness.  Tr.] 

What  is  designated  as  "vollmundigkeit"  or  body  in  beer  is  caused 
by  the  colloid  content.  This  property  is  almost  identical  with  the 
viscosity,  and  is  determined  by  the  viscosimeter.  If,  for  instance,  the 
time  required  for  water  to  run  from  a  50-c.c-  pipette  =  1,  and  that  of 
an  equal  quantity  of  beer  =  1.43,  we  say  that  the  "  viscosity"  is  1.43. 
It  follows  from  what  has  been  said  on  pages  152  and  153,  that  we 
may  assume  a  priori,  that  the  "vollmundigkeit"  is  largely  dependent 
on  the  electrolytes,  that  is,  on  the  content  of  acids  and  the  kinds  of  salts. 
Even  though  the  larger  part  of  the  salts  is  derived  from  barley,  yet 
some  are  derived  from  the  brewing  water,  and  the  hitherto  partly 
unrecognized  influence  of  the  water  may  be  attributed  to  this  fact. 

E.  MOUFANG  determined  empirically  the  relation  between  optimum 
keeping  quality,  "full"  and  "palatable"  taste,  sediment  and  acidity. 
I  refer  to  F.  EMSLANDER  **  for  the  colloid-chemical  effect  of  the 
brewing  water  on  lagered  beer. 

Among  the  proteins,  in  addition  to  the  gluten  which  flocculates  out 
on  boiling  with  acetic  acid,  peptone  may  be  mentioned.  H.  BECH- 
HOLD  * 8  was  able  to  demonstrate  only  albumoses,  upon  examining  a 
beer  by  ultrafiltration.  Before  generalizing,  a  large  number  of  beers 
would  have  to  be  investigated  in  this  way.  It  seems  that  E.  FOUARD 
has  carried  on  such  ultrafiltration  experiments  with  starch  solutions, 
worts  and  beer  (cited  by  EMSLANDER).  W.  H.  VAN  LAER  has  also 
made  noteworthy  experiments  on  the  relationship  between  the  ultra- 
filtrates  of  beer  and  musts,  and  their  transparency.  F.  EMSLANDER 
and  H.  FRETJNDLICH  *  have  performed  cataphoretic  experiments  and 
found  that  the  colloids  migrate  to  the  cathode.  In  consideration  of 
the  acid  content  of  beer,  this  finding  is  theoretically  correct. 

R.  MARC*  has  worked  out  a  simple  method  for  quantitatively 
determining  beer  colloids  by  means  of  the  fluid  interferometer. 
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A  study  should  be  made  of  the  usefulness  of  several  other  colloid- 
chemical  methods  for  the  testing  of  beer,  especially  the  determina- 
tion of  surface  tension,  which  might  serve  to  distinguish  the  amount 
of  various  colloids  contained,  coagulation  methods,  etc.  The  mere 
suggestion  should  suffice. 

It  must  be  mentioned  in  addition,  that  F.  EMSLANDER*S  has  at- 
tributed to  the  "  protective  colloids "  of  beer  a  significance  for  the 
more  easy  adsorption  of  milk  and  other  foodstuffs.  Even  earlier 
experiments,  especially  those  of  Ross  VAN  LENNEP  indicate  that  the 
presence  of  colloids  and  suspensions  have  an  influence  on  the  growth 
of  microorganisms.  S""HNGEN  thoroughly  investigated  this  matter 
in  connection  with  alcoholic  fermentation  and  obtained  interesting 
results.  He  found  that  colloidal  iron,  albumin,  silicic  oxid  and 
humic  acid  had  no  influence  on  alcoholic  fermentation,  but  that,  on 
the  contrary,  it  was  greatly  hastened  by  turf,  filter  paper,  blood 
charcoal  and  garden  earth.  He  succeeded  in  proving  the  cause  of 
this;  the  carbonic  acid  which  is  developed  during  alcoholic  fermen- 
tation impedes  fermentation  and  all  substances  which  favor  the  dis- 
appearance of  the  carbonic  acid  favor  fermentation.  The  action  of 
the  colloids  mentioned  is  purely  mechanical,  somewhat  like  that  of 
powdered  glass,  threads,  wood  chips  or  platinum  shavings  which 
hinder  boiling.  In  the  fermentation  industry  it  is  generally  known 
that  brewers  grains  and  spun  glass  increase  alcoholic  fermentation, 
and  these  phenomena  have  now  been  explained  by  S'OHNGEN'S 
investigation. 


S.  ROTHENFUSSER  *  has  employed  his  colloid-adsorption  method 
for  detecting  saccharose  in  the  most  diverse  kinds  of  foods  and  condi- 
ments (wine,  weissbier,  caf6  parfait,  kilned  malt,  pastry,  etc.). 

In  practice  naturally  many  other  questions  will  appeal  to  food 
chemists.  It  might  be  determined  whether  the  availability  of  vege- 
table protein,  which  on  digestion  is  only  from  60  to  70  per  cent, 
could  not  be  increased  by  a  suitable  method  of  preparation.  Colloid- 
chemical  methods  must  unquestionably  be  utilized  in  the  investiga- 
tion of  fruit  juices,  jellies  and  marmalades.  We  must  remember  that 
these  are  frequently  mixed  with  glucose,  which,  when  undeclared, 
should  be  regarded  as  an  adulteration.  Glucose  contains  in  addition 
to  dextrose,  dextrin  and  unfermentable  substances  which  may  be 
determined  by  colloid-chemical  analysis.  Marmalades  are  adulter- 
ated with  gelatin,  agar-agar  and  isinglass. 

We  trust  that  the  mere  mention  of  these  facts  may  cause  food 
chemists  to  give  greater  attention  to  colloid-chemical  methods. 


CHAPTER  XII. 
ENZYMES. 

FOR  more  detailed  study  we  recommend  the  following  books  of  reference: 
"The  Nature  of  Enzyme  Action,"  by  W.  M.  BAYLISS;  "Allgem.  Chemie  der 
Enzyme,"  by  H.  EULER  (J.  F.  BERGMANN,  Wiesbaden,  1910);  "Die  Fermente 
und  ihre  Wirkungen,"  by  C.  OPPENHEIMER  (F.  C.  W.  VOGEL,  Leipzig,  1913); 
["  Biochemical  Catalysis  in  Life  and  Industry,"  by  JEAN  EFFRONT.  Translated 
by  SAMUEL  PRESCOTT.  JOHN  WILEY  &  SONS,  INC.,  1917.  Tr.] 

List  of  the  best  known  enzymes. 

Amylase  hydrolyzes  starches  and  glycogen  into  dextrin  and  maltose. 

Catalase  decomposes  peroxid  of  hydrogen. 

Chymosin  is  rennin. 

Diastase  fluidifies  starches  and  hydrolyzes  them  to  maltose. 

Emulsin  hydrolyzes  glucosides. 

Erepsin  hydrolyzes  albumoses  and  peptones  to  ammo-acids. 

Fibrin-ferment  an  hypothetical  ferment  which  coagulates  fibrin. 

Invertase  hydrolyzes  cane  sugar. 

Lipase  hydrolyzes  fats  into  fatty  acids  and  glycerin. 

Maltase  cleaves  glucosides. 

Oxidase  an  oxygen  carrier. 

Pancreatin  from  the  pancreatic  juice  is  a  mixture  of  several  enzymes. 

Papaln  hydrolyzes  albumin. 

Pepsin  hydrolyzes  albumin  in  acid  solution. 

Ptyalin  is  the  amylase  of  the  saliva. 

Rennin  coagulates  milk. 

Steapsin  is  lipase. 

Trypsin  hydrolyzes  albumin  in  alkaline  solution. 

Tyrosinase  oxidizes  tyrosin  and  some  of  its  derivatives. 

Zymase  splits  sugar  into  alcohol  and  CO2. 

To  split  complex  molecules,  chemists  have  to  employ  powerful  re- 
agents, such  as  acids,  alkalis,  etc.  They  smash,  as  it  were,  the 
clockwork  with  a  hammer  and  then  pick  out  the  undamaged  particles. 
Just  as  a  watchmaker  employs  for  each  screw  a  suitable  tool  or  a 
specially  made  pliers,  so  nature  has  constructed  delicate  instruments 
for  this  purpose.  Enzymes  are  such  tools  for  the  chemical  break- 
ing down  or  building  up  of  molecules.  Albumin,  carbohydrates  and 
fats  may  all  be  split  up  by  acids.  For  each  purpose  nature  has  a 
special  enzyme,  or  even  several;  for  the  cleavage  of  albumin,  pepsin 
and  trypsin;  for  starches,  diastase;  for  fats,  lipase. 

We  shall  see  that  some  enzymes  are  fashioned  exactly  for  their 
use,  so  that  the  simile  of  EMIL  FISCHER,  which  compares  the  enzyme 
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to  a  key  and  I  lie*  substance  split  up  to  a  look,  is  it  very  happy  one, 
The  simile  can  be  extended  .still  further,  since  the  key  tuny  unlock 
thousands  of  similar  locks  and  fails  only  when  the  key  is  worn  out. 
Moreover,  only  very  small  quantifies  of  enzymes  are  needed  which 
an*  utilized  over  and  over  again.  This  conception  of  en/ vines  corre- 
sponds with  our  present -day  chemical  conception  of  ivilnli/.:n'.v.  These 
latter  an*  substances  which  either  bring  about  or  accelerate  chemical 
reactions,  without  themselves  figuring  in  the  end  products.  For  in- 
stance, platinum  hastens  the  combination  of  O  and  Suy  into  SO^,  or 
the  union  of  Ha  and  O  into  H-jO. 

It  is  the  nature  of  eataly/,i*rs  that  they  split-  tip  compound  sub- 
stances and  build  up  the  same  substances  from  the  cleavage  products 
until  a  definite  equilibrium  is  obtained.  Thus,  riein,  the  en/yme  of 
the  castor  bean,  not  only  splits  fat  into  glycerin  and  fatty  acid  but 
also  unites  glycerin  and  fatty  acids  into  fats,  The  equilibrium  i* 
frequently  one  in  which  tin*  synthetic  action  serins  very  Hiiitonlinate. 
Thus,  amylase  under  certain  circumstance  splits  up  Pit  JHT  cent 
of  starch,  yet  it  forms  possibly  but  I  per  cent  <*f  sUtrch  from  maltose, 
This,  being  a  colloid,  precipitates  from  tin*  solution,  mid  thus  permits 
the  formation  of  another  I  per  cent  of  starch  which  gradually  ap* 
pears  us  starch  grains  or  glymgen  and  thus  permits  the  further  fi ur- 
ination of  starch. 

Hitherto,  if  has  been  impossible  to  obtain  an  en/*ytue  in  purr  form 
and  only  by  its  stronger  or  weaker  activity  was  it  known  whether  a 
dilute  or  a  concentrated  preparation  of  en/Am**  existed.  W,  M. 
HAVLIHH  rightly  ealls  attention  in  the  fart  that,  on  account  of  their 
colloidal  nature,  enxytni"*  always  carry  down  by  adsorption  port  inns 
of  the  solutions  from  which  thry  ar«*  obtained,  It  is,  therefore,  m*t 
surprising  thai  iilburntn  reactions  are  obtained  from  pepsin  an* I  tryp- 
sin  and  a  cnrl»ohydrnte  reaction  from  wnylast-  and  invertn^e.  In 
many  cast*s  if  is  [nissible  to  decide  by  means  of  diffusion  whether 
mtXturt'M  are  present  (MM*  It,  O.  tb;U/i»(;  iiltd  K.\.HAUNtiWHKt4).  Ae- 

cording  to  L,  I{itHK\iit4U%it/  the  presence  of  albuminous  *uh.Mtanri'* 
in  of  hiologi(*al  unjH>rtanc«*,  protecting  the  cn/ymi*  from  many  de 
Htructive  iliiliteiu'es,  e^peeiully  from  H  afitt  Oil  ion*,  A*  the  rertiilt 
of  the  cmtHtnnt  presence  of  adsorbed  impurities,  we  know  jiliniHt 
nothing  concerning  tin*  chemical  nature  of  eir/ymes.  lltnvever,  \vt* 
do  know  that  all  eiixymes  are  colloi<ls. 

S.  FKANKKI*  aHHttmes  that  pure  diastase  is  very  greatly  «lispersi*ii 
but  an  yet  no  Hufltrient  evitlenee  has  been  addtieed;  neither  ob^erva" 
ticm  in  the  ultramtcrost*o|>e  nor  tilt  ration  through  a  4  j»*r  cent  ultra  ^ 
filter  is  i  (inclusive.  To  us  it  merely  si*ems  (trobaltle  that-  mteh 
<lwiHtaM<*  IH  more  highly  tlisjM'rsiMl  than  hemoglobin. 
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Even  the  colloidal  state  itself,  i.e.,  great  surface  development,  under 
certain  circumstances,  may  be  responsible  for  work  similar  to  that  per- 
formed by  certain  of  the  enzymes.  For  instance,  G.  BREDIG  catalyzed 
hydrogen  peroxid  by  means  of  metal  sols,  particularly  platinum  sol, 
which  he  prepared  by  electric  pulverization;  that  is,  he  obtained  a 
result,  the  splitting  off  of  oxygen,  which  in  all  appearances  resembles 
that  brought  about  by  catalase,  a  ferment  which  occurs  in  blood,  in 
milk,  and  in  many  plant  and  animal  tissues.  On  this  account  G. 
BREDIG  called  his  metal  sols  "  inorganic  ferments/7  although  with 
enzymes  (or  ferments),  they  share  other  properties  to  which  we  shall 
return.  The  action  of  enzymes  is  explained  in  part  by  their  colloidal 
nature.  In  the  organism  they  act  chiefly  on  colloid  substances 
(e.g.,  foods)  with  very  extensively  developed  surfaces,  so  that  under 
certain  circumstances  enzymes  may  be  merely  mechanically  adsorbed. 
They  consequently  act  upon  the  substrate  in  the  greatest  concentra- 
tion. 

It  was  shown  by  numerous  adsorption  experiments  with  indiffer- 
ent suspensions  (charcoal,  kaolin,  cellulose)  that  enzymes  have  a 
strong  tendency  to  concentrate  on  surfaces.  It  is  possible  to  remove 
the  rennin  or  pepsin  (M.  JACOBY*),  and  trypsin  (G.  BUCHNER  and 
KLATTE*)  from  solution  by  means  of  fibrin  flakes  or  other  coagulated 
albumin,  or  diastase  by  means  of  starch  (H.  VAN  LAER).  The 
reagents  and  sometimes  also  the  products  of  the  reaction  are  adsorbed 
by  the  colloidal  enzymes.  If  the  former  accumulate,  in  accordance 
with  recognized  laws,  the  progress  of  the  reaction  is  slowed.  An 
example  is  the  breaking  down  of  hydrogen  peroxid  by  catalase.  The 
oxygen  formed  by  the  breaking  down  of  H2O2  into  H2O  and  0  is  ad- 
sorbed by  catalase  and  the  reaction  is  slowed  (WAENTIG  and  STECHE). 
Some  enzymes,  especially  pepsin  and  papagotin,  according  to  ROHONGI, 
give  reversible  precipitates  in  salt-free,  neutral  solutions  of  different 
albumins  on  which  they  act.  The  inhibition  of  the  action  of  an 
enzyme  by  a  suspension  or  a  colloid  may  be  removed  again  under 
certain  conditions  by  another  indifferent  colloid.  If  the  activity  of 
rennet  has  been  destroyed  by  charcoal  or  normal  serum  so  that  the 
mixture  no  longer  produces  curdling  of  milk,  the  activity  of  the 
rennet  may  be  restored  by  the  addition  of  saponin.  Somewhat 
different  modifications  are  obtained  by  the  addition  of  cholesterin 
or  by  combinations  of  trypsin  with  charcoal,  saponin  or  cholesterin 
(JOHNSON,  BLOM*).  In  this  way,  the  numerous  possibilities  which 
result  from  the  interaction  of  enzyme  and  antienzyme  (q.v.)  rest  on 
a  physical  basis. 

The  essential  difference  between  an  indigestible  adsorbent  and  one 
which  is  dissolved  by  the  enzyme  is  that  the  combination,  e.g.,  be- 
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tweeii  animal  charcoal  ami  trypsin,  in  primarily  irreversible,  Hit* 
trvpsia  is  fwtt,  water  is  unable  to  tear  the  trypsta  from  the  char- 
coal though  easei  a  is  nhte  to  do  so  iS.  <}.  HKUINK  If  issc*i*a.  accord- 
ingly, that  trypsia  uadergoes  a  chaagc  oa  tin*  surface  of  charcoal 
similar  to  that  uadergoae  by  dyes  oa  libers  aiiil  if  tht*  prot»«*.ss  \vi*n* 
to  orrur  ia  tht*  organisai  as  it  thws  oa  «'harc*oal»  tht*  trypsia  \voult  I 
lm  |)trnnaui»atly  withtlrawa  from  tht*  laixtun*.  If,  iu>wt»vtT,  tht*  sut»- 
stratt*  !8<ti)j;t*stt«tl  aa<l  rrystalltml  t*lriiVHgi»  pmtlurts  n*sttlt,  *%.j-/,,  in  flit11 
rlmvagf*  of  filiriu  l»y  trypsta.  thr  atlst>rptit>a  rt*nsrs  of  its  own  wconl 
and  tht*  <»axyint»  ht»rt«nt*s  frt*t*  for  farth<*r  ust\  nctiag  likt*  n  trut* 


lliin  HtTVt*rt  to  cxpluta  the*  sigaiih*aatv  ttf  tin*  ^lir/tirr,^  of  tht»  sttl»- 
wtratt*  oa  t»a/»yait*  artioa.  Tht*  arttoa  iat*n*:ist«s  in  HJKMM!  in  at*tftirtl- 
aa<*t*  with  t*xt<«at  of  surfatt*  |«*r  unit  of  w«*ighf,  1C.  AIU>MUUAM>KN 
and  PtfTTiitoNK*  ttt»au»astnitt*tl  (his  tit  tht«  tiigt*s(ioa  wit  It  paat'tvatir 
juin*  of  ali>uait*a  roitKulittinl  in  ililTt*n«at  ways. 

In  tht*  cast*  of  t*a/»yint*s  thrir  rltrtrtwlnrtnicnt  antttn*  i>*  innrf  tin- 
{x>rtuat  than  lit  flu*  cast*  of  tithrr  t'ttlloidst  atiel  iafltat*at*cs  tht*ir  wt- 
sorptioa. 

Wt*  frequently  t>l»serve  that  if  tht*  proper  H  or  Oil  ioa  etmreatrn" 
tioa  is  nhst»at,  aa  <*a/.ymt4  nets  feehly  t»it  its  stthstrnte.  Maay  ttmilnil 
Halts  fnvor  t»ay,ytnt*  nctitia;  others  iahibit  it.  For  iastuare,  pt*pnia 
acts  strt>ayily  ia  arttl  nohitioa  only,  tryp^ia  tit  ulknUac  .noiutittti  nitty, 

Tht*  itivt'HtigidioiiH  «f  L,  MUIMKLIH*-  ami  his  ro-«\vorkrr.H  ?*how 
that  the  elt*etrie  rluirge  tif  tlilTereat  ea/yint'S  varies  (see  H,  tHinv- 
KH(4o*3l  and  that,  proportional  elv  !•!»  tin*  chttrgr.  they  nn*  unr«|iiitlly 


Wt*  havt*  previously  mentioned  that  elect  rojM»sitive  geln  nr  m^pt4u« 
Mf  r.{/.,  ferrit*  oxid,  <*ottiplet.t*iy  itdsitr)*  elect  roat*nntivt*  solutions, 
i*,f/»t  Herum  alhumin.  An  «*!rrfroiiegiittvt*ty-rtt!irix<*d  ttmstie  t»r  knotin 
Hunpension  ct>mpletely  attructs  t*»  it.Ht«lf  scrtuu  iitliiiiiiin,  only  when  it 
hits  become  clectrojwsjtive  by  ucitiiiiciition, 

Thene  iiiVf*.Httgati«ittH  guv**  tht*  following  results  fur  »  group  of 
c*nxymt*rt.  In  the  tublt*  f.Ht*e  p,  IHtll  X  stgniiit*H  u  pmntttmeed  electric 
migration  (to  cathode  or  liitodel,  Lt\t  complt*t«*  tttlsi>rpt5t>n;  II  ^t 
fu»s  no  mtgmtit>n  or  no  ndsorptttm;  X  *rt  ()>  0  —  X,  Nwiw 
more  or  inigrution  or  mlsorption* 
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Ferment. 

Migration  towards 

Adsorbents 

Anode 

+ 

Cathode 

+ 

Iron  oxid, 
clay,  etc. 

Kaolin, 
mastic, 
arsenious 
sulphid, 
etc. 

neutral 
charcoal. 

Invertase: 
in  neutral  solution  

X 
X 

0-  X 
0 
X 

0 
0 

X 

x-o 

0 

0 
X 
0 

0 
0 

destroyed 

X 
X 
X 

X 
0-  X 
X 

X 
X 
X 

X 
X 

X  -0 

X 
X 

destroyed 

0 
0 
0 

0 
X 
0 

X 
X 
X 

X 
X 
0-  X 

0 
X 

destroyed 

0 
0 

destroyed 

X 

destroyed 

X 
X 
X 

X 
X 

0 

X 
X 
X 

x-o 

X 
0-  X 

X 
X 

destroyed 
... 

in  acid,  solution    . 

in  alkaline  solution  

Plant  diastase: 
in  neutral  solution  

in  acid  solution 

in  alkaline  solution  

Salivary  diastase: 
in  neutral  solution  
in  acid  solution 

in  alkaline  solution 

Trypsin: 
in  neutral  solution  

X 

0 
X 

X 
X 

destroyed 

in  acid  solution 

in  alkaline  solution  ... 

Pepsin: 
in  neutral  solution  

in  acid  solution 

in  alkaline  solution  

Rennin  (from  pepsin): 
in  neutral  solution  
in  acid  solution 

in  alkaline  solution  

Rennin  (Griibler): 
in  neutral  solution  
in  acid  solution 

in  alkaline  solution  

We  learn  from  this  table  that  analysis  by  simple  adsorption  may 
replace  the  more  difficult  and  complicated  electric  migration.  It  is 
very  instructive  for  our  knowledge  of  enzymes,  that  their  action  is 
strongest  with  the  reaction  which  expresses  their  own  charges  as  may 
be  seen  from  the  following  table  (from  L.  MICHAELIS)  : 

Optimum  Activity  Occurs 
with  an  H-ion  Concentration  of 

Water 1.10~7 

Invertase 2. 10~5 

Maltase 2.5. 10-* 

Trypsin 2. 10-* 

Erepsin 2.  lO"8 

Pancreatic  lipase 2 . 10~8 

Pepsin 2.10-2 
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Electronegative  (acid)  pepsin,  digests  best  in  an  acid;  and  ampho- 
teric  (almost  neutral)  trypsin  in  an  alkaline  reaction.  We  may  think 
of  enzymes  as  being  amphoteric  substances,  in  some  of  which  the 
positive  charge  predominates,  in  others,  the  negative;  as  a  corollary 
of  this,  pepsin  dissolves  in  alkaline  solution;  in  other  words,  the  pepsin 
is  dissolved  away  from  the  substrate  it  would  digest  and  is  thus  in- 
activated; the  reverse  of  this  holds  true  for  trypsin.  Salivary  dia- 
stase seems  entirely  neutral,  since  saliva  must  fluidify  as  readily  in 
acid  as  in  alkaline  reaction.  In  some  cases  we  observe  a  relationship 
between  the  reaction  of  the  substrate  upon  which  a  ferment  is  to 
act  and  the  ferment;  thus,  pepsin-rennin  has  a  pronounced  basic 
character,  casein  an  acid  character,  albumin  in  acid  solution  has  a 
basic  character,  and  as  such  combines  with  acid  pepsin;  in  alkaline 
solution  it  has  an  acid  character  and  so  can  unite  with  basic  trypsin. 
Consequently,  we  find  here  phenomena  which  I  pointed  out  in  my 
experiments  on  the  adsorption  of  dyestuffs,  page  29. 

This  difference  in  aclsorbability  is  utilized  in  many  cases  for  the 
purification  of  enzymes.  Thus  L.  MICHAELIS  removed  albumin  from 
mixtures  of  serum  albumin  and  invertin  by  shaking  them  in  acid 
solution  with  kaolin;  the  invertin  remained  without  loss  of  strength 
in  the  albumin-free  solution.  E.  ABDERHALDEN  and  F.  W.  STRAUCH 
extracted  pepsin  from  the  stomach  content  of  animals  by  means  of 
elastin  and  then  recovered  it  from  the  elastin  by  means  of  water. 

Depending  upon  the  reaction,  decided  differences  were  found 
when  enzymes  were  filtered  through  Chamberland  filters.  Accord- 
ing to  HOLDERER  most  of  those  studied  by  him  passed  through  the 
filter  when  they  were  neutral  to  phenolphthalein  but  they  were  held 
back  when  neutral  to  methyl  orange.  HOLDERER  attributes  this 
principally  to  the  effect  of  adsorption  by  the  filter  mass. 

For  a  number  of  enzymes  the  course  of  the  reactions  was  studied 
and  proved  to  be  quite  complicated.  I  refer  to  the  investigations  of 
platinum  sol  by  G.  BREDIG  and  his  pupils;  of  invertase  and  amylase 
by  V.  HENRI;  of  lipase  by  M.  BODENSTEIN  and  DIETZ  and  of  emulsin 
by  P.  JACOBSON,  which  are  described  by  H.  FREUNDLICH  in  his 
"  Kapillarchemie."  It  is  conclusively  shown  in  the  publication  of 
W.  S.  DENHAM*  from  BREDIG'S  Institute  that  among  all  the  compli- 
cated factors,  it  is  the  surface  concentration  which  is  of  the  greatest 
importance  for  the  acceleration  of  the  reaction. 

In  the  case  of  gels,  the  greater  the  surface  concentration  becomes,  or 
in  other  words,  the  more  swollen  the  substrate  is,  the  better  is  the 
opportunity  offered  an  enzyme  to  enter  the  substrate.  This  obser- 
vation can  be  made  over  and  over  again  in  the  cases  of  enzyme 
cleavage.  E.  KNOEVENAGEL*  offers  convincing  proof  of  this  fact. 
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He  says  "The  degree  to  which  acetyl  cellulose  swells,  runs  parallel 
with  its  speed  of  saponification  by  aqueous  alkalis,  so  that  with 
greatly  swollen  acetyl  celluloses  the  saponification  by  1/2  n  KOH  is 
completed  quantitatively  in  a  few  hours,  at  room  temperature." 

We  have  not  yet  answered  the  question:  What  property  is  to  be 
ascribed  to  the  specific  action  of  enzymes?  We  may  regard  this 
query  as  being  answered  by  G.  BREDIG  and  FAJANS*  as  far  as  the 
principle  involved  is  concerned.  They  demonstrated  that  right 
and  left  campho-  and  bromo-campho-carbonic  acid  (which  resemble 
one  another  like  a  picture  and  its  reflection  in  a  mirror)  may  be 
split  into  camphor  and  carbonic  acid  by  bases  acting  as  catalyzers. 
The  speed  with  which  these  two  opposites  are  broken  down  differs 
considerably  if  optically  active  bases  (quinine,  quinidine,  nicotine 
and  cinchonine)  are  employed,  and  may  amount  to  50  per  cent. 
•This  is  analogous  to  the  specific  action  of  enzymes  upon  chemically 
known  substances  with  catalyzers  which  have  definite  chemical 
characteristics.  It  has  been  shown  for  most  enzyme  actions,  with 
certain  exceptions  among  the  sugars,  that  of  two  optically  active 
isomers  both  are  attacked  by  a  given  enzyme,  but  one  is  always 
affected  more  quickly.  We  thus  have  a  complete  analogy  for  natural 
enzymes,  but  beyond  this  point  the  "lock  and  key"  idea  fails,  since 
under  no  circumstances  could  "an  asymmetric  key  fit  the  mirror 
image  of  its  proper  lock." 

But  the  analogy  extends  further.  G.  BREDIG  and  FISKE  effected 
asymmetric  synthesis  by  a  catalyzer  of  known  composition.  According 
to  L.  ROSE-NTHALER,  the  enzyme  action  of  emulsin  accelerates  the 
following  reaction: 

C6H5-CHO+    HCN    -  C6H5 .  CH(OH)  -  CN. 

Benzaldehyde      +  hydrocyanic,  nitromandelic  acid, 

acid 

G.  BREDIG  and  FISKE  replaced  emulsin  with  quinine,  but  if  they 
employed  chinidin  as  a  catalyzer  they  obtained  laevo  rotary  nitro- 
mandelic acid  in  addition  to  the  inactive  product. 

We  may  summarize  our  present  understanding  of  enzyme  action 
thus:  As  a  result  of  their  colloidal  properties,  under  favorable  ex- 
ternal circumstances,  enzyme  and  substrate  are  greatly  concentrated 
at  their  interfaces,  so  that  the  course  of  the  reaction  is  very  much 
accelerated;  the  reaction  between  enzyme  and  substrate  is  purely 
chemical,  conditioned  by  their  mutual  chemical  constitution  or  con- 
figuration. [Ultramicroscopic  observations  suggest  that  possibly 
physical  action  is  also  involved.  J.  ALEXANDER,  Jour.  Am.  Chem. 
Soc.,  1910,  vol.  32,  p.  680.  TrJ 

Enzymes,  perhaps,  exhibit  the  property  of  aging  to  a  greater  ex- 
tent than  all  other  colloids.  Some,  e.g.,  trypsin,  if  dried,  lose  their 
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activity  after  a  time;  in.  solution  they  all  deteriorate  more  or  less 
rapidly.  We  do  not  know  whether  this  depends  upon  purely  me- 
chanical variations,  or  whether  it  is  associated  with  a  chemical 
change.  For  the  former  view  we  have  the  fact  that  many  enzyme 
solutions  may  be  inactivated  by  mere  shaking;  a  rennet  solution,  for 
instance,  need  be  violently  shaken  only  two  minutes  in  a  test  tube 
in  order  largely  to  deprive  it  of  its  capacity  to  coagulate  milk.  Even 
E.  ABDERHALDEN  and  M.  GUGGENHEIM*  had  observed  that  tyro- 
sinase,  expressed  yeast  juice,  and  pancreatic  juice  had  their  activity 
partially  inhibited  by  shaking  them  for  24  hours.  A.  0.  SHAKLEE 
and  S.  J.  MELTZER*  found  the  same  true  for  pepsin  and  M.  M. 
HARLOW  and  P.  G.  STILES*  for  ptyalin. 

Quite  independently  in  1908,  SIGNE  and  SIGVAL  SCHMIDT-NIELSEN* 
observed  the  inactivation  of  rennet  by  shaking,  and  subjected  the 
phenomenon  to  a  thorough  study.  It  was  deduced  from  this  that 
inactivation  by  shaking  is  a  surface  phenomenon;  the  inactivation  in- 
creases with  the  length  of  time  and  the  violence  of  the  shaking;  the 
volume  of  air  present,  the  concentration  of  the  enzyme,  and  the  tem- 
perature are  all  influencing  factors.  The  enzyme  becomes  con- 
centrated in  the  foam  and  on  the  surface  of  the  vessel  employed. 
The  foam  is  more  active  than  the  fluid  and  the  procedure  offers  a 
possible  method  of  concentrating  enzymes.  If  a  rennet  solution  that 
has  been  shaken  is  allowed  to  stand,  it  recovers  some,  but  never  all 
of  its  original  activity;  a  portion  remains  irreversible.  If  saponin 
is  added  to  a  rennet  solution,  no  inactivation  results  from  shaking 
because  saponin  drives  the  rennet  from  the  surface. 

Subsequently  M.  JACOBY  and  A.  SCHUTZE*  published  an  analogous 
observation.  They  found  that  hemolytic  complement  (see  p.  196)  of 
guinea-pig  serum  was  inactivated  by  shaking  it  at  37°  C.  Reac- 
tivation, in  other  words  the  reversibility  of  the  process,  depends 
on  the  duration  of  the  shaking.  At  first,  only  a  definite  fraction 
of  the  complement  is  irreversibly  inactivated  by  the  shaking  since 
it  may  be  reactivated  by  "end  piece"  and  also  incompletely  by 
"middle  piece."  When  the  shaking  has  been  sufficiently  prolonged 
the  complement  is  irreversibly  inactivated  according  to  RITZ.  The 
inactivation  depends,  according  to  P.  SCHMIDT  and  LIBBER,  on 
the  fact  that  the  serum  is  made  turbid  by  shaking,  a  foam  is 
formed  into  which  the  globulin  separates,  and  this  globulin  adsorbs 
the  complement.  The  reactivation  by  "end  piece"  results  from  the 
solution  of  the  flocculated  globulin  thus  liberating  the  complement 
(see  p.  196).  To  what  extent  the  action  of  the  alkali  (from  the  glass) 
assists  in  the  inactivation  has  not  been  determined  with  certainty. 
On  the  contrary,  it  seems  from  the  data,  that  only  a  portion  of  the 
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complement  is  inactivated,  since  it  may  be  reactivated  by  addition 
of  "end  piece7'  and  of  " middle  piece."  Serum  becomes  turbid  on 
shaking,  and  it  is  the  author's  opinion  that  this  is  evidently  due  to  a 
coagulation  of  the  albumin  by  shaking. 

In  many  investigations,  especially  in  "immunity  studies,"  it  is  cus- 
tomary to  shake  the  test  tubes,  and  I  believe  that  some  of  the  dis- 
agreements in  the  results  of  experiments  by  different  investigators 
are  due  to  a  disregard  of  such  surface  phenomena.  [R.  OTTENBERG 
does  not  consider  this  factor  in  his  exhaustive  study.  Arch,  of  Int. 
Medicine,  vol.  xix,  pp.  457-492.  Tr.] 

The  diffusion  coefficient  of  several  enzymes  was  measured1  by  R.  0. 
HERZOG  and  H.  KASARNOWSKI.*  They  are  for 

Pepsin 0.062  (at  12°  C.) 

Pepsin 0.066  (at  16°  C.) 

Rennin 0.062  (at  16°  C.) 

Invert-in 0.032  (at  16'  C.) 

EmulHiu 0.033  (at  15.3°  C.) 

From  those  figures  the  following  molecular  weights  were  cal- 
culated : 

Pepsin 13,000 

Invertin 54,000 

Emulsin 45,000  \ 

In  studies  on  the  filtration,  ultra  filtration  and  diffusion  of  enzymes 
through  -membranes  it  must  be  determined  beforehand,  whether  the 
filter  adsorbs  too  strongly.  Thus,  e.g.,  a  Cumberland  filter  per- 
mits no  pepsin,  trypshi,  lipasc  or  zymase  to  pass  through,  though 
the  pores  are  of  ample  size.  By  choosing  suitable  membranes, 
these  methods  of  separation  have  given  valuable  results.  It  has 
been  possible  by  diffusion,  and  ultrafiltration  to  separate  a  num- 
ber of  enzymes,  which  were  formerly  regarded  as  individual,  into 
two  constituents  having  different  properties.  Thus,  according  to 
S.  PRAENKEL  and  M.  HAMBURG,*  diastase  prepared  from  malt  may 
be  divided  into  two  enzymes.  The  one  which  diffuses  changes 
starch  into  sugar,  whereas  the  other  merely  fluidifies  the  starch. 
A.  VON  LKBBDKW*  ultrafiltored  expressed  yeast  juice  and  thus 
succeeded  in  demonstrating,  that  in  fermenting  sugar  the  disap- 
pearance of  the  sugar  and  the  formation  of  carbonic  acid  are  two 
distinct  processes. 

In  the  course  of  such  experiments  it  has  been  shown  frequently, 
that  the  components*  are  inactive  individually  and  only  exert  their 
enzyme  action  in  combination.  The  first  observation  of  this  kind 
was  that  of  II.  MAGNUS,*  who  dialyasod  liver  extract.  The  extract 
which  originally  split  up  fat  thus  became  inactive;  when  MAGNUS 
1  The  neuron  arci!  the  moan  of  several  determinations. 


/  Wt  III  <  jt)i 

iited  re  .d'«  ,i'i  t  «iii,.  ,te  4Jir  mixture  recovered  its  lypolytii! 
|iropert»e  .  \,  ilia,*'  *  .Mid  \\  ,  f,  \  ,  u  \t  Ifla<it  a  >hmhir  observa- 
tion wii.  n  t..  \  u'f  ,",'o»d  i  \pr,  d  >*.iM  juiee.  The  filter  res- 
idue lo  l  u  i  t'lt  •  '•>  »  i  i  •  !«  me  niat ion  but  regained  it,  when 
mis*  i  wit1*  H*»  it;  if-  If  fc.i\id  „•!  fj'Mtti  i|it%  that  some  enxymes 
eon--!  t  IM  v  '  ".'  '  «  i  •  1  .1  M  *  i!'*»i»l  cuu  titui'itf;  tin*  latter  follow- 
ing the  it*  «  f»'**i  »*  f»  lUi;ii;i\hi  rail* 1[  ,-,f  ,  tizywe  or  cii-ftTincnt. 
In  \*\\  n»J'»  •»  > \,  *ii  **.»  i  »j,  t  n,f  I4n\\  cr\ -talloid  propt»rties; 


roll  it     i!    i     »<f    *  i***j     *A!*    *4  »«*««iHi»  itttMt  \"   \\i*l!  known.     Thus, 


HII  inn  an4  \  II  v:*  Hi-  « liitiii,  ;ind  biomm  i«»ns  uf  alkaline  suits 
HIT  the  c»^rn/\  ill*-"'  l«»r  fli*'  ai'tjnii  »>i  pattcrrHtit*  juice  upon  starches. 

it  tulu  »*H^t»i  i  \}tt  fi"in  ii-  ut«  I  -inee  *  v\  hiclt  interft*re  with 
the  .i»  ti«*n  M*  *  'i  '  i,  l*'h  ,i»f  jii,r  fitr  ,^/^n.r///.s'  which  ih*toxi- 

cati  t»»\m  ,  1*4  1  i  «  t!«  1  i*«»%i!i  ,  fl»f  \  *  ccur  to  some  extent  in 
normal  "turn  >*!,***  '  »*^«'«dniit  l*\  the  injection  of  en/ymes. 
Fur  ji  f  iM  -  li»*  » i  *j(  *i  i  Ku.i  i  Liift*  amotmt  of  tinti-rvnnin 
which  I'ttiff  *  '/  ,  «  iM*e!  u"  iii.J,  b\  ii  uniii.  By  injecting  the 

p-tp  un  a  td    H«     *    f*  i  *   ^f^MM..*     %  d       \n  f  \i*eption  to  this  is  ttnti- 

I  iff*  *»  ^  *  .  ^  < » 2*  to  '  4  M  *  *  u'ntd  ince  if  di!TuHt*M  reu<lily.  It 
i  lit*  ,iJ»ti  >  *."  *u  1}  .»  fi  {MM*  t  nitf  tiiuil  para  titeH  from  digestion 

!t\     I  lls     i  i  A   I«  *  *    if]'"    j    »J>  ' 

\CCMJ  "iin*."  *»i  •  *  t  II  f*  H  »  i  I  ifttiii  hip  bet  wren  enxvme  and 
tiitfi  »  n n IIP  ,  ,4  *  i  }  !*ii?  ",  *<  h}t-h  probably  reMilt.M  in  a  fixation. 

V  rtif  nt  tin*  .  l-M  »n  iib^tii*1  aint  co  en/yme  IH  po.s.sesseil 
f»\  i»i»*  n T  i  in  i  i  J  «  *i,  f!nf,  \Ji  f  rn/\!ui"«  tiff  fttrtHt'tl  in  un 

b*  cum  4^*4* «  «  ,r  ui*  *  fK  .idditiuu  lit"  ome  ci  \Ntalloid,  usually  a 
i»iiii|4«'  'i!>  f  i»,  I  <  pj»  i  ^  iu»  «»f  p»  »*  jiiui;iv  beextrnrted  from 
flu  i't  *f{»i-  *uu»  **  i  .j  on  i  'H*  !  **f  <i  i»wo  dii'»"  f  fdbtimin;  only  after 
fin  ;id»ii<iu  i  «*  i  J»'»i»  f  <  d"  it  bi  come  pep.siu  and  ae(|utn^ 
it  abilil «  t**  b»  '  I  f  !*'  *  i  *»«  pimcnatic  julct*  is  ext»n*ted  into 
tit*  d  i  *d«  it  MII  *  ^i,»t'*i'4«  j««v»  a'\m  ,  if  i  activated  by  calcium 
*%i!t  .  J  in  *  «»'  *!  >  *'  if  i  »  */if' d  i»'tmncanc««,  since  otherwise, 
MCI*  tint  fiiiid^  ?<sS'l«  »*  **  »,«  j'i«»m  f  h*  ir  *»\\  n  secri'tions. 

\ev»irdiw  *o  I'  P  i«  «  .-M  M  »»imi*ion  of  pro-<«n/ymt*s  occurs 
in  fhi'  in  iiiu*  5 '  l!  i4>'*'  i'i*  >t  *»t  1*4  ^luidnlir  cells  n*tains  a  eer~ 
1'iiii  |it*ff^»n  **f  11/*  »'  «  i  i  '  "  d  »»ip*jon,  \«"id  «  calcium  salts,  etc,, 
un«*  *  th<  ii  «»«'»M'**(  ui  I  i  •  u-ft.*  ferment  becomes  free.  In 
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support  of  this  view,  E.  PEIBRAM  and  E.  STEIN  injected  through  a 
tube  into  the  stomach  of  one  rabbit  an  active  solution  of  rennin, 
and  into  the  other,  one  inactivated  by  boiling.     After  four  hours  the 
rabbits  were  killed  and  the  amounts  of  pro-ferment  contained  in  their 
gastric  mucous  membranes  were  measured.    The  gastric  mucous  mem- 
brane of  the  rabbit  treated  with  active  rennin  contained  much  more 
pro-enzyme  than  the  other.     From  this,  the  authors  deduced  that  the 
colloidal  gastric  mucous  membrane  adsorbed  the  rennin  and  changed 
it  into  pro-enzyme.    S.  G.  HEDIN*  also  views  zymogen  as  the  com- 
bination of  an  enzyme  (rennet)  with  an  inhibiting  substance.    In  the 
condition  studied  especially  by  him,  rennet  is  freed  by  hydrochloric 
acid,  the  inhibiting  substance  is  let  free  by  ammonia,  with  the 
destruction  of  the  rennet. 


CHAPTER   XriL 
IMMUNITY  REACTIONS, 


THAT  the  organism  is  overwhelmed  by  a  Inrife  dose  of  poison  but 
recovers  from  a  xnutlt  one  should  not  particularly  surprise  us.  Ever 
nincc  the  recognition  of  the  nature  of  infectious  diseases,  it  must  have 
amassed  biologists  that  every  infected  organism  did  not.  succumb  to 
the  slightest'  infection.  Microorganisms  multiply  indefinitely,  and, 
theoretically,  it  is  only  a  question  of  hours  before  the  numtx*r  present. 
shall  IK*  overwhelming  whether  the  infection  is  with  a  large  or  a  small 
done.  Were  this  assumption,  to  which  we  might  I  HI  led  from  tin*  ob- 
servation of  culture  media.,  correct,  no  living  tiling,  plant  or  animal, 
could  exist.  There  must'  be  inherent  forces  in  the  living  organism 
which  protect  it  agaihst  pathogenic  genus,  which  make  It  immune  to 
Huch  injuries,  and  which  are  called,  accordingly,  irnwunr  to*//*-,* 
(immune  substances). 

L.  PAHTKUH  wan  the  pioneer  in  the*  systematic  study  of  immunity* 
lie  produced  ex{M.»rimental  proof  that  immunity  might  1«*  artificially 
produced  by  previous  treatment,  with  attenuated  infective  agents 
(chicken  cholera)  just  a.«  had  I>een  done  previously,  in  the  cane  of 
vaccination  against  Kmal!|K)x.  Thcw  in  vest  igat  tons  nv«*tved  a 
mighty  impulse  whc»n  HOHKUT  Kocit  sucee**dt*d  in  growing  djM*:i^t* 
germs  in  pure  ctiltuns  The  dcM*trinesof  immunity  mul  /m'fl/.\/nivifffi« 
were  dc^vc^opcd  into  a  Hp-eciitl  branch  of  scit*itro  which  lit  present 
holds  the*  cluc»f  intc*rcHt  of  ncientlfic  metlicine, 

It  wan  recogni^Hl  that  thc»  Ixxly  could  (iverrctiur  HH  invacii*rs  in 
various  ways:  Hu!wtiin<*es  occnir  which  mukt*  biictrrin  hanttl<«»i*4  by 
diKHolving  th«»m,  /Mdm«///«i"/i,i  (nctiiig  against  vibrio*,  r,|/.»  of  rhoit^m, 
and  against  typhoid),  and  others  which  clump  thrm  tugrthiT  mid 
precipitate*  them,  the  aMlutinin*  (aKiiinst-  typhoid,  piinifyfiittiid, 
dysentery,  etc.).  In  other  canes,  the  protection  In  diriTtrli  prin- 
cipally against  the  poisons,  toxins  which  the  orgattixi'd  «i*ntiH  de- 
velop (diphtheria  toxin,  tetanotoxin,  etc.).  The  orgnutMti  |KMHI*>MI«N 
a  peculiar  protective  mechanism  in  the  l<*urcu*yt<*M,  which  tnkt*  up 
and  digest  the  !mctt*ria  and  nm*l  devouring  tht*m  liki*  fn«i-  living 
amel>a  in  search  of  fmnl  This  phenomenon,  which  wits  r«u<omti/i«i 
and  Btudiwl  cliiefly  by  K.  MKTHC'II.VIKWT,  in  rulUtl 

im 
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The  bacteria  are  previously  prepared  for  phagocytosis  by  certain 
ioimune  substances  in  the  serum  called  opsonins. 

The  study  of  these  phenomena  was  very  much  simplified,  when  it 
became  possible  to  transfer  many  of  them  from  the  living  organism 
to  test  tubes.  They  were  thus  freed  from  disturbing  epiphenomena 
and  made  susceptible  to  quantitative  investigations.  By  these 
methods  of  study,  we  have  learned  a  number  of  properties  of  the 
blood  and  cells,  which  have  no  direct  influence  on  the  natural  pro- 
tection of  the  organism  against  the  attacks  of  microorganisms,  or 
which  may  be  regarded  merely  as  epiphenomena.  They  lead  to  the 
knowledge  that  the  weapons  of  the  organism  against  disease  germs 
are  not  teleologically  forged  for  this  sole  purpose,  but  that  they  are 
the  product  of  a  universal  biologic  law,  according  to  which  the 
organism  produces  antisubstances  against  all  kinds  of  substances 
foreign  to  the  species  (art-fremde). 

In  accordance  with  their  historic  recognition,  and  the  method  of 
their  investigation,  it  is  customary  to  class  them  with  immunity  phe- 
nomena: I  am  referring  to  the  substances  which  dissolve  and  floccu- 
late blood  corpuscles,  the  hemolysins  and  hemagglutinins  and  the 
albumin-precipitating  substances,  the  precipitins:  and  finally  the 
Wassermann  reaction  in  syphilis,  and  anaphylaxis.  . 

If  the  sera  of  two  animals,  e.g.,  cattle  serum  and  rabbit  serum,  are 
mixed,  the  solution  remains  clear.  If  an  animal,  e.g.,  a  rabbit,  is  in- 
jected with  the  serum  from  a  different  species  of  animal,  e.g.,  cattle 
serum,  substances  are  formed  in  the  rabbit,  precipitins.1  If  we  then 
mix  the  serum  of  such  an  animal,  " cattle-rabbit/7  with  ox  serum,  a 
precipitate  forms.  Agglutinins  and  hemolysins  develop  in  a  similar 
way.  If  a  rabbit  has  cattle  blood  corpuscles  injected  into  its  veins, 
substances  develop  in  the  rabbit  serum  which  agglutinate  and  dissolve 
the  cattle  blood  corpuscles.  Hemolysin  consists  of  two  substances, 
one  heat  resisting  (thermostable)  and  specific,  the  amboceptor,  and 
another,  heat  sensitive  (thermolabile,  destroyed  at  55°  C.)  and  non- 
specific, the  complement.  Only  the  amboceptor  develops  as  a  result 
of  injecting  the  red  blood  corpuscles,  the  complement  is  always 
present  in  every  serum.  However,  both  are  required  for  hemolysis. 
We  have  now  explained  the  formation  of  precipitins  for  cattle  serum 
or  blood  corpuscles  in  rabbits,  but  the  principle  is  of  general  applica- 
tion for  the  injection  of  blood  into  a  different  species  of  animals.  To 

1  The  so-called  "precipitin  reaction"  is  of  great  medico-legal  importance. 
It  serves  for  the  differentiation  01  human  and  animal  blood,  for  which  a  small 
drop  suffices.  It  is  also  employed  in  detecting  adulterations  (horse-meat  in 
sausage,  etc.).  In  the  study  of  phylogenesis  it  is  a  valuable  aid  particularly  in 
teaching  the  natural  relationships  of  animals. 
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make  the  application  general,  if  an  animal  Ls  Injected  with  sub- 
stances foreign  to  its  species  (antigen),  r,f/,,  albumin,  animui  cells 
bacteria,  toxin,  antiboduw  or  immune  xubntunwN  (preeipitias,  heme*i- 
ysins,  iigglutinins,  antitoxins)  are  formed  in  the  injected  animal. 

Binding  of  antigens  (toxin,  bacteria,  etc.)  by  the  immune  sub- 
stances (antitoxin,  baeteriolysin,  etc.)  results  from  combination  or  a 
sort  of  neutralization  which  may  be  compared  to  the  neutralisation 
of  an  acid  by  a  base.  P.  IOiwue«H*  WIIH  the  first  to  study  this  neu- 
tralization quantitatively  and  showed  in  the  cant*  of  diphtheria  toxin 
and  its  antitoxin,  that  the  saturation  did  not  occur  jis  in  the  ease  of 
a  strong  acid,  <?.[/.  *  IK  H,  and  a  strong  bant*,  <*.{/.,  Kofi,  but  that  the 
diphtheria  toxin  must  consist  of  a  mixture*  of  more  or  less  arid  toxms. 
We  reach  this  conclusion,  not  only  from  the  course  of  tin*  Maturation 
curve,  but  also  from  a  study  of  the  different  |H>isonous  actions  JXJH- 
sessed  by  the  individual  natural  ion  fractions.  Though,  *'.(/.»  tin*  larg- 
est part  of  the  diphtheria  toxin  lias  an  acute  toxic  action,  then*  is  a 
particular  fraction,  the  toxem,  which,  after  two  or  three  week*,  pro- 
duces pantlysiH  of  the  extremities  that  are  quite  foreign  to  the  toxin, 
In  different  wises  various  indicators  are  used  as  a  K/J/H  of  the  union 
bctwccM.  antigen  and  immune  *///w/<iwr,x.  In  the  e»ose»  of  toxin-tint  itojrin  f 
we  an*  reduced  to  the  biological  proof  by  auimal  experiments;  flit*  re- 
duction in  the  toxieity  of  the*  mixture's  is  determined  from  tin*  toxic 
action  remaining  in  them.  In  the  case  of  hnnolyninn,  tin*  ability  to 
dissolve*  red  blood  cells  more  or  less  completely  is  used  as  a  MKU. 
I^reipilim  an*  recognized  by  testing  the  antigen  against  variotn 
dilutions  and  determining  the  greatest  dilution  at  which  turbidity 
can  still  be*  recognized.  If,  r.f/,,,  a  rabbit  has  been  injected  with 
goat  Herum  a  mihstanre  develops  in  the  rabbit  which  precipi- 
tates goat  serum.  If  we  add  to  goat-rabbit  serum  which  Ims  been 
placed  in  a  row  of  text  tubes  gout  serum  in  a  diltiflutt  I.  MOO, 
I/  1  (MM),  1/KHXK),  etc.,  we  shall  find  a  dilution  ut  which  merely  tur- 
bidity occurs.  In  a  similar  manner  ttyylntiHiHN  are  tinted  (in  ttii« 
instance'  the  immune  scrum  is  diluted). 

Since  the*  nomenclature*  is  not  uniform,  a  table  of  the  terms  In  enm- 
mon  use*  is  given  here. 

»  thiit  tht*y  fiuiy  «fvtm  l*t»  f»rwif  iiifif.nl  by  iilkult 


AmlH'Hvjttur,  HIM*  he»!nolyriin. 

Antifft'nnt  foreign  mUwtrnKM^  (hiw*t<*rin,  j>n>tf*i»j«,  tnmmt  Hrj  iiKHtimt   u 
«pc*('ific  antimihHtanccs  (nnttlioiHi'M)  are  tlt*Vf{i»pi«ii  liy  jut  iiniiiiid  itijfi*ti*i| 
thorn  (iiKKlutinirw,  prtjrtpitmM,  iintitttxiuM,  «*t«\). 

AntitHHlh'n,  immww  ho<iit»H. 

Antitojrint  »pi»n"llf»  HntII»f«lii*n  which  itHttmli/t*  tu^iitM, 

Knd  /;wr*\  s«»i«  hf'inolyrfin. 

1  [JKHOMK  AI.KXANI>I-,U  <»i>,H«<rv(s{  in  the  ultraititrri»>t«*ttpr  l\u«umi\ui\^mm\i^i^n 
of  diphtheria  toxin   and  anfit«t\itt  and  tHiuttH  t*i\tn  and  auttt*»\in;  dtphOtt-rm 
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Hemolysins  dissolve  red  blood  corpuscles.  Two  substances  are  usually  required 
for  hemolysis.  One  is  specific,  the  real  antibody,  and  is  called  amboceptor.  The 
other  occurs  in  every  serum  and  is  complement.  Complement  consists  of  two 
parts,  one  of  which,  the  middle  piece,  is  precipitated  with  the  globulin;  the  end 
piece  remains  with  the  albumin  of  the  serum.  Only  when  both  are  united  does 
complement  act.  According  to  H.  SACHS,  OMOEVKOW  and  RITZ  there  is  an  addi- 
tional "  third  component,"  quite  heat  stable.  According  to  P.  SCHMIDT  comple- 
ment is  a  single  substance  of  which  a  portion  is  adsorbed  by  globulin  when  it 
is  precipitated. 

Complement,  see  hemolysin. 

Lysins  cause  solution.  Bacteriolysins  dissolve  bacteria,  hemolysins  dissolve 
red  blood  corpuscles. 

Precipitins  flocculate  albumin. 

Toxins,  poisons  which  produce  antitoxins  when  injected. 

The  Nature  of  Antigens  and  Immune  Bodies. 

The  substances  involved  in  immunity  reactions  are  all  dissolved 
or  suspended  colloids.  There  is,  therefore,  a  particular  reason  for 
studying  these  questions  from  the  standpoint  of  colloid  investigation.1 

So  far  it  has  been  impossible  to  produce  immune  bodies  by  means 
of  a  crystalloid;  a  foreign  colloid  (antigen)  has  always  been  required. 

The  proof  of  the  colloid  character  of  antigens  and  immune  bodies 
has  been  demonstrated  in  numerous  cases.  Upon  dialysis,  they 
do  not  pass  through  a  dialyzing  membrane;  the  diffusibility  of  diph- 
theria toxin  and  tetanolysin  and  their  antitoxin  are  indicative  of  a 
particle  magnitude  of  the  same  order  as  hemoglobin  (Sv.  AERHENIUS). 
Ultrafiltration  of  diphtheria  toxin,  toxon  and  antitoxin  and  anti-rennin 
gave  similar  results  (H.  BECHHOL:D).  The  hemolytic  complement  of 
guinea-pig  serum  is  inactivated  by  shaking  with  the  formation  of  a 
precipitate  (M.  JACOBY  and  A.  SCHUTZE).  This  indicates  a  concen- 
tration at  the  boundary  of  fluid/air,  as  in  the  case  of  albumin  and 
other  colloids.  The  observation  of  W.  BILTZ,  H.  MUCH  and  C. 
SIEBEKT  that  a  bactericidal  horse  serum  loses  its  bactericidal  activity 
upon  shaking  is  to  be  ascribed  to  a  similar  phenomenon.2 

1  We  may  mention  the  following  papers  which  treat  Immunity  with  particu- 
lar reference  to  the  standpoint  of  colloid  chemistry : 

K.  LANDSTEINER,  Die  Theorien  der  Antikorperbildung,  Wiener  Klin.  Wochen- 
echr.  22,  Nr.  47  (1909). 

Idem.,  Kolloide  u.  Lipoide  in  d.  Immunitatslehre  im  Handbuch  d.  Pathogenen 
microorganism  VON  KOLLE  u.  Wassermann,  Bd.  II  (1913). 

O.  FORGES,  im  Handb.  d.  Technik  u.  Methodik  d.  Immunitatsforschung,  Bd.  II, 
Lief.  2  (Jena,  1909). 

H.  ZANQGEB,  Vierteljahrsschr.  d.  Naturf.-Ges.  in  Zurich,  1908,  408-455. 

2  It  might  be  claimed  that  these  substances,  which  it  is  impossible  to  prepare  in 
pure  form,  are  not  in  themselves  colloids,  but  that  they  are  adsorbed  by  the 
proteins  simultaneously  present  in  the  solution  and  thus  simulate  -what  colloid 
character  they  exhibit.    For  the  correctness  of  this  view  no  evidence  feas  hitherto 
been  presented. 
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It  is  held  by  one  small  group  of  investigators  that  nnthjen*  are 
lipoids  or  lipoid-albumin  compounds.  Since  the  part  tukeu  by  Hjxiids 
in  many  immunity  reactions  is  not  definitely  settled,  it  is  imjxisMble 
as  yet  to  determine  the  general  correctness  of  this  view.  At  any 
rate  it  has  not  as  yet  been  possible  to  immunise  with  the  iipuitl-H 
chemically  known. 

Since  our  knowledge  concerning  the  chemical  eomjxisition  of 
normal  proteins  is  still  meager,  what  wo  know  about  the  proteins  of 
immune  bodies  cannot  be  more  ample*.  According  to  KtitsrmurM 
di/*enttry  toxin  is  acid.  By  ultrafilf  ration,  he  prepared  water  insolu- 
ble acid  dysentery-toxin  which  was  nearly  atoxic,  though  tht*  salt 
obtained  by  dissolving  the  acid  in  an  alkaline  carbonate  possessed 
the  poisonous  proj>erties  of  the  toxin.  The  experiments  of  Pie. 
OHKUMAYKK  and  K.  P.  Pine*  indicate  that  the  aromatic  nucleus  in 
the  antigen  is  of  great  importance  for  the  development  and  character 
of  the  antibodies, 

Antibodies  are  universally  regarded  as  albuminous. 

Before  we  discuss  detail*)  let  us  indicate  a  great'  misunderstanding 
which  at  the  time  gave  rise  to  heated  discussions  and  clouded  the 
issues.  The  quantitative  relations  in  which  tht*  substance  in  ques- 
tion enters  into  reaction  (toxins  with  their  antitoxins,  bacteria  with 
their  agglutinins,  etc.)  huve  great-  similarity  to  adMtrptiun  eurtr* 
(W.  Bn/ra)  and  to  the*  neutralization  curve*  of  certain  weak  acids 
and  bases  (Sv.  AiiitHKNurs).  These  investigators  laid  great  MIVKS 
on  this  fact  and  believed  that  they  had  thus  discovered  tht*  nature 
and  the  course  of  the  immunity  reactions  in  question.  P.  Kuuuri! 
raised  the  weighty  objection,  that  the  reaction  is  */>ir//iY?  and  that 
the  poisons  art*  very  complex:  diphtheria  toxin  is  drtoxicatcd  wi/j/ 
by  diphtheria  antitoxin;  typhoid  bacilli  are  precipitated  only  by 
typhoid  agglutinin,  There  is  no  doubt  that  these  >p««eilir  proc- 
esses cannot  be  explained  by  what  we  call  colloid  -chemical  reaettuiin 
(sec  IT.  BKciuiou)*'1).  We  must  conceive  of  the  prtiei»HH  HH  occurring 
in  two  stages,  and  we  must  emphasize  that  this  sharp  distinct  ton 
does  not  obtain  in  every  ease. 

¥irt*t  titaye:  Th(»  two  colloids,  toxin  and  antitoxin!  Ijnrfrriuiii  and 
agglutinin  ,  unite  in  accordance  with  the  lawn  govern  iny  othrr  rnllniVlii, 
e.g.,  fiber  and  dye,  and  the  Hjweijic  subsUtnces  react  on  tim*  another 
and  it  is  still  an  open  question  whether  we  must  represent  these 
n%ac*tions  OH  cliemical  or  catalytic*. 

Second  Stage.  The*  colloidal  product  of  the  reaction.  H}U>WM  phv^irnl 
properties  which  distinguishes  it  from  the  reacting  substances,  *•.«/., 
it  precipitates. 

We  cannot  <»nt(*r  here  Into  the  question  of  sjiecifii!  co 
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A.   The  Distribution  of  Immune  Substances  Between 
Suspensions  and  Solvent. 

Bacteria  and  blood  corpuscles  form  suspensions  which  to  a  greater 
or  less  extent  are  able  to  attract  to  themselves  immune  substances. 
It  is  fortunate  for  the  study  of  these  phenomena  that  many  experi- 
ments have  been  preformed  upon  the  adsorption  of  inorganic  sus- 
pensions (kaolin,  charcoal,  ferric  hydroxid  gel,  etc.)  from  solutions 
of  known  composition.  For  comparison  many  investigators  have  per- 
formed appropriate  experiments  on  toxins  and  immune  substances. 

Adsorption  by  Means  of  Inorganic  Suspensions  and  Hydrogels. 
A  sign  of  adsorption  is  a  strong  withdrawal  of  a  dissolved  substance 
from  dilute  solutions  and  a  relatively  smaller  withdrawal  from  such 
as  are  more  concentrated.  This  requires  extensive  quantitative  inves- 
tigation with  solutions  of  different  concentration.  Unfortunately, 
there  are  but  few  such  experiments  published.  It  may,  however,  be 
deduced  from  the  results  of  some  of  these  experiments  that  an  ad- 
sorption curve  is  actually  involved. 

Even  W.  Roux  and  YERSIN*  found  that  calcium  phosphate, 
aluminum  hydroxid  and  bone  "black  removed  some  poison  from  a 
solution  of  diphtheria  toxin,  but  that  the  solution  was  never  entirely 
detoxicated.  W.  BILTZ,  H.  MUCH  and  C.  SIEBERT*  shook  gels  of 
iron  oxid,  chromium  oxid  and  zirconium  oxid,  among  others,  with 
tetanus  and  diphtheria  toxin,  tetanolysin  and  a  bactericidal  horse 
serum.  They  determined  a  diminution  in  the  activity  of  the  respec- 
tive solutions,  and  that  for  the  same  quantity  of  hydrogel,  the 
diminution  by  activity \  was  frequently  more  marked  for  dilute  than 
for  concentrated  solutions.  Occasionally  complete  fixation  or  destruc- 
tion occurred,  e.g.,  in  the  case  of  typhoid  agglutinin.  H.  BECHHOLD*4 
found  that  arachnolysin  and  staphylolysin  were  never  completely  re- 
moved from  solution  by  formol-gelatin  or  cellulose.  K.  LAND- 
STEINER  and  his  pupils  shook  tetanus  toxin  with  kaolin,  protagon, 
cholesterin,  palmitic  acid,  stearic  acid  and  lecithin;  a  poisonous  re- 
siduum was  always  discovered  in  the  solution. 

Since  complement  may  be  removed  from  a  solution  by  various  sus- 
pensions (for  literature  see  H.  SACHS),  a  mechanical  adsorption  is 
probable. 

Specific  Adsorption. 

Glancing  at  the  entire  literature  on  this  question,  we  are  con- 
fronted with  the  great  difference  in  adsorption  capacity  of  the  ad- 
sorbents as  well  as  of  the  adsorbed  substances.  Although  tetanus 
toxin  is  well  adsorbed  by  kaolin,  protagon,  cholesterin,  palmitic  acid, 
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stearic  acid,  and  lecithin,  only  very  little  of  it  is  taken  up  by  cetyl 
alcohol,  casein,  coagulated  serum  albumin,  and  starches  (K.  LAND- 
STEINER  and  A.  BOTTERI*)  .  Arachnolysin  is  adsorbed  more  strongly  by 
glacial  acetic  acid  collodion  than  by  formol-gelatin;  glacial  acetic  acid 
collodion  adsorbs  rennin  very  strongly,  but  adsorbs  practically  none 
of  a  serum  containing  anti-rennin  (H.  BECHHOLD*4).  Silicic  acid  and 
barium  sulphate  fix  complement  which,  however,  is  also  fixed  by 
kaolin  to  a  lesser  extent  (E.  HAILER*). 

In  view  of  these  specific  influences,  L.  JACQUE  and  E.  ZUNZ*  un- 
dertook extensive  experiments  upon  the  adsorption  of  antigens  and 
antibodies  by  inorganic  suspensions.  They  concluded,  as  had  pre- 
viously been  shown  by  E.  ZUNZ*  that  differences  in  surface  tension 
were  not  alone  determinative  for  adsorption.  They  found,  e.g.,  that 
bone  black  strongly  adsorbed  diphtheria  toxin  as  well  as  antitoxin, 
though  neither  was  adsorbed  by  wood  charcoal,  diatomaceous  earth, 
talc,  kaolin  or  clay.  Nevertheless  kaolin  and  clay  adsorb  tetanolysin. 
Bone  black,  a  good  adsorbent  for  diphtheria  antitoxin,  does  not 
adsorb  the  antitoxin  of  tetanolysin  or  cobra  hemolysin. 

Reversibility.  A  purely  mechanical  adsorption  demands  that  the 
process  be  completely  reversible.  This  occurs  in  the  case  of  the 
slightest  adsorptions  of  immune  bodies  by  unorganized  suspensions. 
W.  BILTZ,  H.  MUCH  and  C.  SIEBERT*  have  already  called  attention 
to  the  fact  that  the  adsorption  of  their  antigens  by  hydrogels  was 
only  slightly  reversible.  Only  to  this  extent  was  J.  BORDET'S*  com- 
parison of  immune  reactions  to  the  dyeing  of  fiber  with  dyes  appro- 
priate. This  irreversibility  has  its  analogies  in  the  adsorption  of 
numerous  other  known  substances  in  which  we  assume  that  secondary 
changes  occur  as  a  result  of  the  concentration  at  the  surface;  some  of 
these  changes  are  chemical,  e.g.,  the  adsorption  of  crystal  violet  and 
of  rennin  by  bone  black. 

Of  great  interest  are  the  observations  of  L.  JACQUE  and  E.  ZUNZ* 
illustrating  the  competing  action  of  several  adsorbents  for  a  single 
substance.  They  found  that^the  adsorption  of  diphtheria  toxin  by 
bone  black  was  reversible  in  the  body  but  irreversible  in  vitro 
[probably  because  of  protective  substances.  Tr.].  The  adsorption 
of  diphtheria  antitoxin  is,  on  the  contrary,  irreversible  in  the  body 
and  reversible  in  vitro.  Serum  albumin  may  prevent  the  adsorption 
of  diphtheria  toxin  and  antitoxin  by  bone  black. 

Adsorption  by  Organized  Suspensions. 

If  agglutinin  is  added  to  bacteria,  or  hemolysin  to  blood  corpuscles 
with  the  same  quantity  of  the  suspension,  proportionately  more  ag- 
glutinin or  hemolysin  will  be  combined  from  a  dilute  solution  than 
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from  a  solution  that  is  concentrated.  EISENBBRG  and  VOLK*  dem- 
onstrated this  for  typhoid  bacilli  and  cholera  vibrios  and  Sv. 
ARRHENIUS*  and  his  co-workers  for  hemolysins  (see  also  G.  DREYER, 
J.  SHOLTO  and  C.  DOUGLAS*). 

This  is  illustrated  by  a  table  (after  EISENBERG  and  VOLK)  showing 
the  combination  of  agglutinin  with  a  uniform  quantity  of  typhoid 
bacilli  and  increasingly  concentrated  agglutinin  solutions. 


Agglutinin  fixed  by  the 
bacteria. 

Agglutinin  free  in  the 
solution. 

2 

0 

20 

0 

40 

0 

180 

20 

340 

60 

1,500 

500 

6,500 

3500 

11,000 

9000 

The  course  is  entirely  that  of  an  adsorption  curve. 

Cases  also  occur,  according  to  the  investigations  of  G.  DREYER,  J. 
SHOLTO  and  C.  DOUGLAS*  in  which,  after  exceeding  a  certain  maxi- 
mum, less  and  less  agglutinin  is  taken  up  by  the  bacteria,  in  spite  of 
greater  concentration  of  the  agglutinin,  typical  "  abnormal  adsorp- 
tion." 

It  may  be  mentioned,  moreover,  concentrated  salt  solutions  inter- 
fere with  the  fixation  of  agglutinin  (until  now  this  had  been 
demonstrated  only  for  blood  corpuscles).  (K.  LANDSTEINER  and 
ST.  WELECK.)  Analogous  to  this  is  an  observation  of  W.  BILTZ,*S 
according  to  which  the  addition  of  salt  interferes  with  the  adsorp- 
tion of  proteins  by  inorganic  colloids.1 

As  has  been  stated  elsewhere,  hemolysis  with  immune  sera  occurs 
through  the  interaction  of  two  components;  amboceptor  is  bound  by 
the  blood  corpuscles  and  it  causes  the  fixation  of  the  complement 
which  accomplishes  the  hemolysis.  This  is  obviously  very  similar 
to  what  occurs  with  mordant  and  dye;  the  dye  is  fixed  to  the  fiber 
by  means  of  the  mordant.  K.  LANDSTEINER  and  N.  JAGIO*  have  to  a 
certain  extent  devised  a  model  for  the  process;  as  amboceptor  they 
use  silicic  acid  hydrosol,  as  complement  active  serum  or  lecithin. 

Silicic  acid  precipitates  with  blood  corpuscles  as  well  as  with  leci- 
thin; it  thus  links  together  blood  corpuscles  and  lecithin,  concentrating 

1  In.  my  opinion  it  is  chiefly  globulin  which  has  been  strongly  adsorbed  in 
these  experiments,  since  the  final  portion  of  globulin  is  separated  very  slowly  from 
dialyzed  serum. 
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the  lecithin  on  the  surface  of  the  hhxui  corpuscles.  If.  is  very  prob- 
able, as  assumed  by  the  investigators  mentioned,  that  lecithin  in  this 
instance  arts  as  a  solvent  for  tin*  Hpoid  membrane  of  the  blood  cor- 
puscles. Numerous  similar  models  in  which  complement,  was  re- 
placed by  lipoid  were  subsequently  devised. 

Rt'Vtritihilitij.  The  combination  of  agglutinin  with  bacteria  and  red 
hlo<xl  corpuscles  is  partially  reversible*;  it  may  be  partially  removed 
at  a  higher  temperature  by  washing  with  physiological  suit  solution 
(K.  LANDSTKINKK,  KISKNUKUO  and  VOMO. 

This  is  deduced  from  an  experiment  of  J.  JUOH,*  He  mixed  typhoid 
bacilli  bearing  ngglutinin  with  untreated  typhoid  bacilli,  and  all 
the*  bacilli  became  agglutinated.  There  must  have  been  a  with- 
drawal of  agglutinin  from  the  typhoid  bacilli  which  had  been  treated. 
In  a  similar  way,  J.  MOUCJKNUOTH*  l  demonstrated  that  the  combi- 
nation of  atnbtHrptor  and  red  blood  corpuscle  is  partially  reversible. 
Reversibility  within  the  organism,  where  numerous  varieties  of  cells 
occur,  is  of  great  practical  importance, 

li.  The  Distribution  of  Immune  Substances  Between  Dis- 
solved Colloids  and  Solvent* 

The  colloid-chemical  theories  regarding  the  rombmafiim  of  toxin 
and  antitoxin  an*  tacitly  bused  upon  the  assumption  that  toxin  unit 
antitoxin  behave  like  a  suspension  or  a  hydrogel;  they  premise  that 
surfaces  occur,  tifwm  which,  for  instance,  the  toxin  may  concentrate 
in  accordance  with  the  laws  of  adsorption.  Theoretical  ba*is  fur  this 
assumption  is  lacking.  Very  little  is  known  concerning  the  fixation 
of  crystalloid]*  and  of  hydrosoln  by  A//f/mW«,  when  uo  precipitate 
occurs.  There  ar<*,  ut  present  ,  two  met  he  xta  of  attacking  the  problem. 
By  meannof  ultruf  Ut  ration,  11,  IlKriuiou***  HUH  shown  that  the  riiin- 
bination  of  in<*thylt»n<-hlu<<  with  wrwii  albumin  NatiNfi«'s  the  ronciitions 
of  an  adnorption  (HIT  p,  2,U  L.  MK»IIAKUH  und  P.  I{ONA  liave  ttsi-d 
theoHtntitic  foinpeiwatioii  method  in  order  to  d«*tmnine  the  kind  of 
combination  in  which  sugar,  ('a,  etc.,  are  fixed  in  tltr  b|tHKt.  f||jf|t 
metlunlH  are  recent  and  hud  not  previously  bet*n  utilixeil  in  thr  w»lu- 
tion  of  thin  problem^  On  thiHammnt  I  roiwitler  it  unpmfilablr  toilii-. 
CUHH  at  im^nit  the  manner  in  which  toxin  und  antitoxin  an-  combined, 

It  may  be  mentioned  that  the  toxin-antitoxin  eombimition  is  in- 
completely  revemble  in  pml  and  in  part  irreversible,  I*,  lutiiurit 
and  his  puptln  demount  ruled  by  nuntiTotts  biological  investigation**, 
that  the  combination  In-twreu  diphtheria  toxin  and  its  antitoxin* 
rapidly  bentme  5rn'ViT>*il>h». 

The*  n»latioim  between  /;rm>if//i  and  prrri  nittihk  xutwttniw  in  .sonu- 
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what  more  obvious.  Inasmuch  as  the  two  dissolved  colloids  yield 
a  precipitate  when  mixed  in  suitable  proportion,  we  can  form  a 
judgment  concerning  the  proportionate  quantities  that  combine. 
However,  this  has  regard  for  the  composition  after  precipitation.  Ac- 
cording to  E.  VON  DUNGERN*  the  precipitate  binds  much  more  precip- 
itin  than  is  required  to  cause  complete  precipitation.  It  is  still  a 
question  whether  this  combination  existed  in  the  solution. 

C.  Precipitation  of  Dissolved  Colloids  and  Organized 
Suspensions, 

Serum  containing  precipitin,  for  instance,  goat-rabbit  serum, 
gives  a  precipitate  with  its  antigen  (goat  serum).  The  serum  is 
precipitated  by  the  precipitin  just  as  it  would  be  by  an  inorganic 
hydrosol  or  an  acid  protein  (histone),  U.  FRIEDEMANN  and  H.  FRIEDEN- 
THAL*  (see  p.  157).  The  precipitation  occurs  best  in  the  presence  of 
an  optimum  mass  proportion  between  precipitin  and  precipita,ble 
substance;  excess  of  precipitable  substance  interferes  with  the  pre- 
cipitation. A  precipitation,  according  to  M.  NEISSER,*  occurs  also 
in  salt-free  solution  (which  contains  no  globulin)  but  the  precipi- 
tation zone  differs  from  that  in  a  solution  containing  salt. 

Though  the  mutual  precipitation  of  two  amphoteric  colloids  de- 
pends on  the  hydrogen  ion  concentration  (see  p.  147),  specific  precip- 
itations (this  applies  to  precipitins  and  agglutinins)  are  largely  in- 
dependent of  it  (L.  MICHAELIS  and  DAVIDSOHN).  The  electric  charge 
of  the  components  plays  a  very  subordinate  part  in  these  precipitations. 

The  plant  toxins,  ricin  (from  the  seeds  of  varieties  of  castor  bean) 
and  abrin  (from  jequirity  seeds)  have  a  similar  precipitating  effect 
upon  albumin. 

The  conditions  in  the  case  of  organized  bacterial  albumin  are 
similar  to  (but  not  identical  with)  those  of  serum  albumin.  If  an 
animal  (e.g.,  a  rabbit)  is  injected  with  bacteria  (for  instance,  typhoid 
bacilli)  there  develops  in  its  blood  an  agglutinin  which  causes  typhoid 
bacilli  in  a  test  tube  to  precipitate.1  Agglutinin  forms  a  compound, 
with  the  (actual)  albuminous  capsule  of  the  bacteria,  so  that  these 
behave  as  though  they  were  changed  from  a  hydrophile  to  a 
hydrophobe  suspension.  Precipitation  occurs  only  in  water  con- 
taining salt.2  Though  a  suspension  of  bacteria  is  unchanged  by 

1  This  phenomenon  was  first  observed  by  GRTJBER  and  DURHAM.    WEDAL  was 
the  first  to  use  it  for  diagnosis,  and  since,  as  the  Gruber-Widal  Reaction,  it  is  em- 
ployed in  the  diagnosis  of  typhoid,  paratyphoid,  dysentery,  etc. 

2  According  to  U.  FRIEDEMANN  it  is  possible  to  obtain  agglutination  in  a  salt- 
free  solution,  though  this  has  nothing  in  common  with  specific  agglutination. 
The  resemblance  to  the  precipitins  is,  in  this  respect,  only  a  superficial  one. 
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dilute  alkali  .sails,  these  salts  cause  a  precipitation  of  agglutinated 
bacteria  us  they  would  a  suspension  of  kaolin  or  mastic.  This  WHH 
demons! mini  by  II.  BKt.'iiH»»u>M  us  well  us  M.  NKISSK.U  and  t'. 
FIUKI>KM,\\N*,  and  practically  confirmed  by  II.  !L  Hrvros*,  I*. 
SIIAFFKH  and  t).  TKAWK*,  us  well  us  by  II.  IL  Bt'.vrox  and  A.  II. 
RAHK*. 

( '<i/).sH/fi/fi/  htn'trriti  jx>ssess,  in  their  mucous  cupsulcs,  a  natural 
protective  colloid  and  accordingly,  thry  are  not  UK^iutiiiulril  by 
iianuuu*  s<»nuu  fvrn  in  stispfnsioiiM  rontuiniu^  suit.  O.  Puut;^ 
showed  that  if  thr  mucous  <*upsuli*s  \v<*n*  n*niov<*«t  by  gently  hrutinK 
tht*iu  with  diluti*  hydr«n'lit<»rit*  ucitl,  rvt*n  cupsulut(%«t  l»m*t«*rm  wi*n* 
ag|?hitiJiati*d  by  iminunt4  st*ru. 

As  in  flit'  CUHI*  of  thr  pnTtpttins,  a  rprtuin  <|unntitntivi*  rrtu- 
tionHhip  bi'twrrii  Itacteriu  and  uguiut muting  serum  in  ret|tnreii  for 
pn*t»ipitutii>u.  Hut  in  this  instnnce,  there  an*  certain  irregtUurities 
its  regurdn  nutive  and  heated  sera. 

This  phenomenon  uNo  has  its  unutogtie  in  the  precipitution  of 
unorganised  MUsjM-nsionH  in  the  presence  of  protective  colloid.  Table  I 
(see  IH»!O\V)  illustrates  tlM4Hgglutinutit»n  i»f  bacteria  by  diluted  itnimme 
w»ruin.  Table  II  illustrate*  the  precipitation  *»t*  a  mastic  susjjenstou 
by  Ai'jCHOjli  in  the  pmsence  «»f  leech  extract  as  a  protective  cotloiii. 

Tht*si»  "irn^ular  si*rii*sM  isee  p.  s-l»  fre(|tieittly  ucrur  in  the  pn*- 
dpitatton  of  m^peiinkntH  by  ferric  ehl*»ri«i,  nhintinttiin  chloriil  mid 
certfun  dyi'H,  They  an*  «*xpiaUie<i  by  the  fad  that  the  hytlmlvtimlly 
split  iron  o\i<l  hyilnisol,  etc.,  functions  i\^  a  "proti*ctive  colloid,"  mid 
in  ft*rtiyn  pro|Mirtitms  interferes  with  the  precipitation,  tf  ?4itl  an* 
other  protective  nillnhl  f'tfi'latin.  l«'i*ch  extract.  dc.»  i?»  aiMeit,  flu* 
circumstances  are  Mtill  further  complicated  as  shown  bv  Table  II, 
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Since  bacteria,  like  other  proteins,  may  be  precipitated  by  acids 
without  previous  treatment  with  agglutinating  serum,  L.  MICHAE- 
LIS  and  BENIASCH  tested  different  groups  of  bacteria  (typhoid,  para- 
typhoid, colon,  etc.)  to  determine  whether  the  result  depended  on 
the  H  ion  concentration.  They  found  that  different  concentrations 
of  H  ions  were  necessary  for  the  precipitation  of  different  groups  of 
bacteria.  The  discoverers  based  on  this  fact,  a  method  for  distin- 
guishing certain  bacterial  groups.  It  is  still  a  question  whether  the 
procedure  is  practical  either  alone  or  in  combination  with  agglutinat- 
ing serum  (see  S.  GALITZER). 

Blood  corpusdeSj  resembling  bacteria,  behave  like  a  hydrophile 
suspension  whose  surface  is  so  changed  by  various  agglutinins  that 
they  flock  out.  I  am  inclined  to  believe  that  a  true  glueing  together 
occurs  more  frequently  with  blood  corpuscles  than  with  bacteria. 

From  our  previous  experiments,  we  see  that  colloids  and  suspen- 
sions are  precipitated  not  only  by  electrolytes  but  also  by  colloids  of 
opposite  charge.  It  must  therefore  be  possible  to  agglutinate  or- 
ganized suspensions  as  bacteria  and  blood  corpuscles  by  suitable 
hydrosols.  Experiments  with  hydrosols  of  iron,  zirconium,  thorium 
oxid  and  silicic  acid  *  (W.  BILTZ,  H.  MUCH  and  C.  SIEBERT*,  also  K. 
LANDSTEINER  and  N.  JAGIC*,  GIRARD-MANGIN  and  V.  HENRI*)  con- 
firm this  assumption  and  show  that  as  with  other  colloid  precipi- 
tations in  salt  solutions,  an  optimum  proportion  between  the  two 
colloids  must  exist,  or  no  precipitation  will  occur. 

It  should  be  emphasized  that  the  combination  of  bacteria  or  blood 
corpuscles  and  inorganic  hydrosols  is  irreversible  (in  contradistinction 
to  the  agglutinin  combination). 

Blood  corpuscles  differ  very  greatly  in  one  respect  from  bacteria. 
Though  the  latter  migrate  to  the  anode  showing  their  negative 
charge,  blood  corpuscles  are  more  amphoteric.  As  a  result  of  this, 
they  are  precipitated  by  negative  hydrosols  (arsenic  tri-sulphid, 
silicic  acid,  etc.)  L.  HrasHFELD*2.  A  very  important  observation  is 
that  of  L.  HIRSHFELD,  that  the  agglutination  of  blood  corpuscles  of 
different  animals  by  zinc  nitrate  follows  the  same  order  of  precipita- 
bility  as  their  agglutination  by  agglutinating  sera  and  abrin. 

Ricin  and  abrin  also  agglutinate  blood  corpuscles,  obviously,  be- 
cause they  precipitate  their  albumin. 

From  our  entire  exposition,  it  is  evident,  that  the  adsorption  of  the 
agglutinating  substance  and  the  agglutination  are  two  separate  proc- 
esses which,  in  their  principle,  have  nothing  in  common.  The  agglu- 
tinin changes  the  bacteria  or  erythrocytes,  making  them  agglutinable; 

1  Colloidal  silicic  acid  agglutinates  in  much  greater  dilution  than  the  crys- 
talloidaL 
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the  electrolyte,  which  itself  is  not  adsorbed,  agglutinates  or  flocks 
them  out.1  It  is  therefore  obvious  that  an  electrolyte  which  changes 
the  cells  may,  nevertheless,  without  being  adsorbed,  agglutinate  them. 
According  to  J.  DUNIN-BORKOWSKI*,  red  blood  corpuscles  are  agglu- 
tinated by  FeCJs,  though  it  is  not  combined  with  them. 

Electric  Charge,  H  and  OH  Ions. 

Numerous  attempts  have  been  made  to  determine  the  electric 
charge  of  antigens  and  immune  substances  by  cataphoresis  (K. 
LANDSTEINEK  and  Wo.  PAULI*,  C.  N.  FIELD  and  0.  TEAGUE*.  It  is 
so  small,  however,  that  in  my  opinion  it  cannot  be  definitely  rec- 
ognized since  traces  of  H  or  OH  ions  may  cause  a  reversal  of  charge 

(see  BECHHOLD*10). 

This  also  applies  to  the  results  of  exhaustive  adsorption  experiments 
with  adsorbents  of  opposite  electric  charge,  namely,  the  experiments 
carried  out  by  EDGAR  ZUNZ  with  electro-osmotically  purified  silicic 
acid,  aluminium  hydroxid,  kaolin,  diatomaceous  earth,  talc,  and  clay 
upon  toxins  and  antitoxins.  With  K.  LANDSTEINER  and  W.  PAULI  it 
is  well  to  regard  antigens  and  antibodies  as  amphoteric  electrolytes. 

The  difference  between  bacteria  and  bacteria  bearing  agglutinin 
is  clearly  demonstrated  (H.  BECHHOLD*1,  M.  NEISSER  and  U.  FRIEDE- 
MANN*).  Though  the  former  (typhoid,  dysentery)  migrate  to  the 
anode,  the  latter  lose  their  charge  on  account  of  the  agglutinin  and 
precipitate  between  the  electrodes. 

More  characteristic  than  electrical  migration  is  the  behavior  of 
toxins,  antigens  and  immune  bodies  to  acids  and  alkalis.2  From 
our  standpoint,  only  very  weak  dilutions  of  H  and  OH  are  considered 
from  such  as  cause  no  irreversible  destruction  in  the  substances 
affected.  Acidity  diminishes  the  toxicity  of  some  toxins,  but  it  is 
restored  by  neutralizing  them.  KIRSCHBAUM  isolated  a  nontoxic 
dysentery  toxin  by  ultrafiltration  and  precipitation  with  acids;  it 
dissolved  in  alkalis  and  forms  a  toxic  salt-like  combination.  An 
observation  made  by  J.  MORGENROTH  *2  points  to  the  occurrence  of  a 
salt-like  combination  of  cobra  hemolysin  and  also  of  cobra  neuro- 
toxin;  these  neutral  toxins,  although  colloids,  diffuse  through  an 
animal  membrane  into  a  solution  containing  hydrochloric  acid. 
Cobra  venom  may  be  recovered  from  crystalloid  cobra  venom  salt 
by  neutralizing  it,  yet  it  gradually  goes  into  the  colloidal  state  as  I 

1  P.  SCHMIDT  assumes  an  additional  phase;  modification  of  the  bacteria  by 
agglutinin,  adsorption  of  globulin  by  modified  bacteria,  flocculation  by  elec- 
trolytes. 

2  Only  great  dilutions  of  H  and  OH  are  here  considered,  such  as  do  not 
cause  an  irreversible  change  in  the  material. 
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have  inferred  from  the  following  experiments  of  J.  MORGENROTH  and 

D.  PANE.*5 

I  wish  to  call  attention  to  one  other  property  which  is  strongly 
suggestive  of  colloids.  J.  MORGENKOTH  and  D.  PANE*  heated 
cobra  venom  in  n/20  HC1  solution  and  determined  its  hemolytic 
action  immediately  after  cooling  and  neutralization.  The  hemolytic 
activity  induced  by  lecithin  was  greatly  diminished  "but  gradually 
(after  hours  or  days)  resumed  its  original  strength.  It  seems  reason- 
able to  regard  the  gradual  restoration  of  toxicity  as  phenomena  of 
"maturation"  since  the  particles  of  the  molecular  dispersed  cobra 
hemolysin,  gradually  unite  to  larger  agglomerations  and  thus  ac- 
quire greater  adsorptive  capacity. 

Colloid  chemistry  offers  numerous  similar  examples;  to  mention 
only  the  aging  of  dye  solutions  (hemotoxylin)  which  must  occur  pre- 
vious to  its  utilization  in  histological  stains.  The  same  interpreta- 
tion applies  to  the  anologous  observation  upon  the  neurotoxin  of 
cobra  venom. 

As  a  rule  the  union  of  antigen  and  immune  substances  is  inhibited 
both  by  H  and  by  OH  ions.  Just  as  H  and  OH  ions  may  break  down 
the  union  of  toxin  and  antitoxin  so  may  they  dissolve  the  bonds 
holding  agglutinin  to  its  substrate  (HAHN  and  R.  TROMMSDORF),  or 
either  abrin  or  amboceptor  to  blood  corpuscles. 

The  influence  of  reaction  on  the  action  of  hemolytic  sera  is  told  in 
the  researches  of  S.  ABRAMOW,  HECKER,  L.  VON  LIEBERMANN,  P. 
RONDONI,  H.  SACHS  and  ALTMANN,  L.  MICHAELIS  and  SICWIRSKY  (see 
P.  RONDONI*  for  bibliography). 

Under  certain  conditions  hemolysis  is  hastened  by  slight  acidity 
and  retarded  by  larger  quantities  of  acids  or  by  alkalis. 

The  inhibiting  action  of  alkali  and  to  a  less  definite  degree,  of  acid, 
is  evident  in  antigen-antibody  combinations,  as  is  revealed  by  com- 
plement deviation  (see  p.  207).  Its  significance  is  also  evident  in  the 
WASSERMANN  reaction. 

Addition  of  1/1000  to  1/3200  normal  NaOH  may  inhibit  the  reac- 
tion in  a  strongly  positive  serum;  similarly,  a  negatively  reacting 
(luetic  serum)  may  give  a  strongly  positive  reaction  after  the  addition 
of  1/1000  to  1/2000  HC1  (H.  SACHS  and  ALTMANN). 

The  following  findings  favor  the  view  that  the  physical  fixation  of 
amboceptor  by  blood  corpuscles  is  influenced  by  the  reaction.  By 
means  of  alkali,  the  blood  corpuscles  may  be  prevented  from  com- 
bining with  the  amboceptor;  on  the  other  hand  amboceptor-laden 
blood  corpuscles  may  be  deprived  of  amboceptor  by  alkalis,  and 
the  ambocsptor  may  be  recovered  in  an  active  condition.  The  facts 
for  acids  are  not  so  obvious. 
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Complement  Fixation  and  the  Wassermann  Reaction. 

A  mixture  of  antigen  and  immune  substance  O'.J/M  goaf  serum  -f 
goat -rabbit  serum)  lias  the  property  of  binding  complement.  This  w 
recognized  by  the  following:  if  complement  is  added  to  a  suspension 
of  red  blood  corpuscles  +  amboceptor,  hemolysis  occurs.  If  the 
complement  has  previously  been  mixed  with  antigen  f-  immune 
substance  and  we  then  add  the*  entire  mixture  to  the  blood  rorpuseleH 
+  amboceptor,  no  hemolysis  occurs. 

Complement  (.•omploment 

Amboceptor  Amboccptor  At«htMM»ptor       j-         Antigt*n 

ErythrorytoH  Krythroryttv  Krytlirorytt^          Immune  Htthstan^o 

!!<HU<»lyaw  No  H«i»t4y»I»  N»»  HriHittytin 


This  phenomenon,  which  is  eall<*<l  wmidctnvnt  ftjwtfan  or 
pletttent  dcrittliuH,  WUH  <lis<*overe<I  by  O.  CtKNUot?  iind  lioitDKT.  It 
has  acquired  great  practical  significance  by  its  utilt^atian  for  the 
recognitiott  of  antigen  by  M,  XKIHHKH  aiul  H.  SACHS  (onr  billionth 
c,c,  of  human  blood  may  be  recognised  by  <*otnpli*inent  deviation) 
and  also  irulinu'tly,  tlirougli  a  reaction  uiutlogous  to  the  \VuHst*nnuttn 
reaction  for  the  recognition  of  hietie  infect iotu 

A  mixture  of  antigen  and  immune  serum  muy  giv<*  a  pn*cipttate, 
though  only  when  mixed  in  definite*  pro|»ortionH,  otherwinr  this  <l«M*s 
not  occur.  Complement  fixntion  occurs  regardless  of  the  oreunvnee 
of  a  pn»cipitHt'ion.  Sinet*  complement  is  <*usily  adsorlted  by  muny 
colloids  and  8Usp(»nsionH,  it  wan  nntttrul  to  HttpjH»se  that  thr  preeijn- 
tat(k  of  antigen  and  immune  HuhstancrH  WHH  the  fixing;  np*iit-,  Thw 
view  is  held  esjxHuaHy  by  IL  KUIKDKMA.N'.V  who  at  tributes  to  mi- 
globulin  the  complement  landing  power  of  the  immune  scrum.  The 
Investigations  of  DKAN  are  of  great  interest  to  MtucirntH  of  colloid 
chemistry.  According  to  them*  wvestigutiouH,  nuirli  conipli»mi*nt 
in  bound  when  then*  in  a  slowly  developing  turbidity  and  but  lit  tin 
when  turbidity  develops  rapidly.  From  thin  nH|M'H  a  definite  <!t*v«*io|H 
inent  of  nurface  tc^tmion  favors  binding  of  th«*  eompletnent.  Though 
it  in  probable*  that  binding  of  complement  di*|>ends  on  a  pliysicul  a*l- 
Horption  of  the*  visible  or  invisible  preeipititt**,  its  mechanisiit  n*tjtnre,s 
furt.h<*r  (»lucida1ion.  Th-e  objection  that  the  fixation  may  orcur  even 
without  the  np|rar?ltiee  of  a  preetpitute  cannot  deftnitfly  b«*  proven. 
Wi*  know  that  albumin  part.icl«»s  may  aggre^ati*  inttt  lurger  pjirtirlfH 
without  a  precipitation,  provided  the  rxcess  of  one  of  the  pr«4ripit;i,i<^ 
forming  colloids  acts  as  a  protective  rnlbtd.  On  tin*  other  hand,  it 
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has  not  yet  really  been  demonstrated  that  a  physical  fixation  and 
not  an  irreversible  chemical  change  occurs  in  complement  fixation. 
Therefore,  in  what  category  complement  fixation  by  means  of  anti- 
gen plus  immune  substance  is  to  be  placed,  is  still  an  open  question. 


Wassermann  Reaction. 

Complement  fixation  is  much  more  obvious  in  the  Wassermann 
reaction.  When  A.  WASSERMANN  began  his  studies,  he  started  with 
the  assumption  that  extract  of  spirochsete  (as  antigen)  +  luetic 
serum  (as  immune  substance)  must  fix  complement.  It  was  very  soon 
evident,  that  spirochaete  extract  could  be  replaced  by  numerous 
lipoid  suspensions: — by  lecithin  (0.  FORGES  and  MAIEB),  by  sodium 
glycocholate  (LEVADITI  and  YAMANOUCHI),  vaseline  (FLEISCHMANN), 
by  sodium  oleate  (H.  SACHS  and  ALTMANN),  sodium  palmitate  and 
stearate  (P.  HESSBERG),  potato  extract  and  emulsion  of  shellac 
(MUNK).  As  ELIAS,  O.  NETJBAUER,  0.  FORGES  and  SALOMON 
showed,  these  hydrophile  lipoids  give  precipitates  with  the  globulin 
of  luetic  sera  which  fix  complement.1 

The  parallelism  between  precipitation  reaction  and  complement 
fixation  is  very  suggestive  of  a  colloid  phenomenon.  It  would  be 
a  convincing  proof  that  complement  fixation  in  the  Wassermann 
reaction  was  a  surface  phenomenon,  if  it  could  be  demonstrated 
that  the  reaction  did  not  occur  in  the  absence  of  a  precipitation. 
This  proof  I  gather  from  an  observation  of  H.  SACHS  and  P.  RONDONI. 
They  found  that  complement  fixation  by  an  alcoholic  extract  of  syph- 
ilitic livers2  depended  upon  the  manner  of  dilution  with  saline  solu- 
tion; diluting  drop  by  drop,  they  obtained  a  fluid  which  bound 
complement  strongly.  If  the  extract  is  added  rapidly  to  the  saline 
solution,  there  occurs  a  weak  complement  fixation  or  none  at  all. 
By  slowly  adding  drop  by  drop  we  obtain  a  turbid  fluid;  by  rapid 
mixing  a  clear  fluid.  We  have  here  two  fluids,  which  in  their  ability 
to  fix  complement  can  be  distinguished  only  by  the  surfaces  of  the 
suspended  lipoids.  The  observation  of  F.  MUNK  also  confirms  this 
view  that  only  alcoholic  or  acetone  and  not  ethereal  extracts  or 
solutions  of  the  above-mentioned  lipoids  are  suitable  for  binding  of 
complement. 

1  The  observations  of  these  authors  are  very  interesting.     They  observed  that 
even  normal  sera  give  precipitates  with  the  lipoids,  but  that  the  range  of  preci- 
pitation is  much  broader  with  luetic  sera  and  that  the  complement  fixation  pre- 
supposes an  optimum  mass  relationship  of  lipoid  and  serum. 

2  Before  it  was  discovered  that  the  above-mentioned  lipoids  were  suitable  for 
the  Wassermann  reaction,  extracts  of  syphilitic  livers  were  employed. 
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P,  HKSSBKUO  observed  that  freshly  prepared  solution  of  sodium 
palmitate  bound  complement,  but  it.  lost  this  pn^mi}/  %  rfjuntnt 
heating.  This  change  by  means  of  repeated  heating  in  a  eharaet er- 
istic colloid  property,  which  evidently  is  associated  with  a  fragmen- 
tation of  the  particles;  the  more  frequently  gelatin,  agar-agar,  etc,,. 
an*  heated,  the  more  difficult  it  is  to  solidify  them.  lfnfort\mately 
P.  HHSSBKUG  did  not  determine  whether  the  repeatedly  heated  solu- 
tion of  sodium  palmitate  recovered,  on  long  standing,  its  ability  to 
fix  complement. 

ANAPHYLAXIS,  DEFENSIVE  FERMENTS,   AND    MEIO- 
STAGMIN  REACTION. 

Anaphylaxis. 

If  an  animal  (e.gn  a  guinea  pig)  in  injected  with  antigen  (r.j/.,  horst* 
Bcruin)  there  an*  no  sequela*.  If  the*  injection  5s"re|x*att»d  after  an 
interval  of  about  10  to  1 1  <lays  there  occur  serious  symptoms  of  poison  •- 
ing  (convulsions,  rise  of  temperature  and  respiratory  distress)  which 
frequently  terminate  fatally  in  a  few  minutes  (anaphylac'tie  shock). 
This  condition  induced  by  the  first  injection  of  Heruw  or  bw.toriit  5s 
called  anaphylaxin  (induced  defenselessness  ••  the  reversi*  tif  im- 
munity). Human  lfHenon  HtckneHH1'  is  also  a  phenomenon  of  nnu- 
phylaxis  which  appears  aft-er  the  repeated  injection  of  curative  Ht*m 
and  manifests  itself  in  erythemata,  swelling  of  tin*  lymph  nodes  mtit 
joints  and  modt»rate  rises  of  tempera!  lire.  AnuphyluxiH  is  Mtrongly 
Hp(»cific,  which  means  t.hat  it  occurs  only  upon  refuted  inject  if  >n>t  of 
th<*  nanu1  protein  or  the  saint1  strain  of  bacteria.  The  s|H'eitii*ity  i^ 
so  absolute*  and  the  quantities  required  HO  minute,  tluit  like  prm|nt;t- 
tin  nuictions,  anaphyladic  plu^nomotta  may  be  employed  in  din- 
tinguinhing  tracer  of  human  from  anituni  bltmd  or  in  detecting 
adulterations, 

PUIKDUKUUKU  and  IUH  coworkerH  wen*  successful  in  prepiirttig  flu* 
anaphylactic  jminon  (anaphylat<ixin)  outside  the  luwly,  in  vitro,  If 
an  animal  (r«(/.f  a  guinea  pig)  in  injected  with  antigen  fr,i|,(  tittrMi* 
aerum)  antibody  appc^arn  in  the  blood  after  a  titne,  Fiiii-';i*itKin*!%ic 
proceeded  from  thin  fact;  he  mixed  antigan  and  iintibttdy  iit  n  t«**i 
tulx*  and  obtained  a  pn*cipitat<*  from  th«  mijcturt*.  By  digest IMH; 
the  precipitate  with  guin«*a-pig  .serum  fwht<*h  ulwuvs  rontjiiun  mm  • 
plement)  he  ol.*tained  what  ho  <U»wgiiHt<»d  IIH  fiwi|i/ii/l#i|ii/i'ii, 

Hinee  ix»ptont»s  product*  phc^iiomeiia  rt^i»iiililtng  nimphyiswtir  shuck , 
it  was  thouglit  that  |M*pt(»tie-likt*  pr(Kluc!H  wen*  split  off,  i**rimp**  l*v 
in  the  inU%raction  between  antibuilu%s  and  ,'iuti#i<fi. 
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This  view,  still  held  by  FRIEDBERGEK,  regards  the  appearance  of  the 
anaphylaetic  poison  as  the  result  of  a  fermentation  of  antigen  by 
the  degradation  action  of  complement  resulting  from  antibody 
fixation. 

It  was  a  surprise  to  find  that  the  anaphylatoxin  might  be  prepared 
even  without  antibodies  as  when  guinea-pig  serum  was  digested  with 
bacteria;  and  even  by  digestion  with  colloidal  carbohydrates  (agar, 
starches,  starch  paste,  pectin  and  inulin).1  [The  work  of  VAUGHAN 
and  NOVY  on  the  protein  poisoning  should  be  mentioned  as  well  as 
that  of  R.  WEIL  on  the  mechanism  of  anaphylaxis.  Tr.] 

H.  SACHS  and  E.  NATHAN  demonstrated  that  the  physical  state  of 
the  poison-producing  substances  was  a  determining  factor.  They 
employed  inulin  as  absorbent.  This  carbohydrate  is  practically 
insoluble  in  cold  water  though  it  forms  a  clear  solution  without 
pasting  in  warm  water.  Upon  mixing  guinea-pig  serum  with  a  5  per 
cent  suspension  of  inulin,  a  serum  was  obtained  which  produced  the 
severest  anaphylaetic  shock  when  injected  into  guinea  pigs,  though 
no  toxic  substance  resulted  from  the  mixture  with  inulin  solution. 
Pastes  have  a  very  extensive  surface  development,  consequently, 
anaphylatoxin  is  formed  best  with  starch  paste.  H.  SACHS  and  E. 
NATHAN  find  in  these  experiments  decisive  confirmation  of  the 
physical  theory  of  anaphylaxis  first  proposed  by  H.  SACHS  and  RITZ. 
According  to  them,  antigen  is  not  the  mother  substance  of  anaphyla- 
toxin, which  is  not  newly  formed,  but  which  exists  preformed  in 
normal  serum.  This  poison  becomes  active  by  the  adsorption 
(separation)  of  a  substance  as  yet  undetermined.  In  the  case  of 
artificial  anaphylatoxins,  bacteria  and  carbohydrates  serve;  in  true 
anaphylaxis,  the  products  of  antigen  and  immune  body  act  as  ad- 
sorbents. The  specificity  of  anaphylaxis  is  thus  explained  since  only 
the  specific  antibody  formed  causes  a  precipitate  with  the  antigen. 

Protective  Ferment. 

The  remarkable  relation  between  immunity  reactions  and  pro- 
tective ferments  should  be  mentioned  here.  E.  ABDERHALDEN  con- 
siders under  this  term  the  ferments  which  destroy  and  render 
innocuous  -species-foreign  proteins,  entering  the  organism  parent- 
ally. Since  the  connection  between  protective  ferments  and  colloid 
research  is  still  unestablished  we  shall  merely  refer  to  the  work  of 

E.  ABDERHALDEN.2 

1  It  is  not  yet  definitely  established  that  anaphylatoxin  may  be  made  by 
shaking  inorganic  suspension  with  normal  guinea-pig  serum. 

2  [D.  VAN  SLYKE  has  thoroughly  discredited  the  Abderhalden  reaction  with  his 
nitrous  acid  method  for  the  quantitative  determination  of  amino  acids.     Harvey 
Lectures,  1915-16,  p.  170;  Lippincott,  N.  Y.    Tr.] 
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The  Meiostagmin  Reaction. 

M.  Ascou  and  (!.  IBAH  found  thai  substances  which  lower  surface. 
tension  of  the  solution  an*  formed  in  the  reaction  between  antigens 
and  immune  bodies.  He  determined  this  with  TKMWK'S  stalag- 
mometer  by  counting  the*,  drops  which  formed  from  a  measutvei 
quantity  of  fluid.1  When,  for  instance*,  he  mixed  an  extract  of 
typhus  bacilli  with  normal  scrum  and  with  the  serum  of  typhoid 
patients,  10  c.c.  gave  58  drops  in  the  former  instance*  and  (H  eiropn  in 
the  latter.  M,  Ascou  considers  it  to  be  a  general  reaction  unel  him 
employed  it  in  the  serum  diagnosis  of  various  conelitiews  (syphilis, 
tubcTculosis,  anchylostomiasis  anel  eehine)eoeuuis  infeu-tion).  It  IMH 
not  been  generally  introduccni  as  a  means  clinical  diagnetsls  of  infec- 
tious disease*  since*  the*,  teehnic  is  HO  precise  that  the  differences  am 
within  the*  limit  of  erre)r,  but  it  has  been  more  frequently  employed 
in  the  de*te*ction  e>f  malignant  growths.  Two  dilutions  of  the  serum 
are*  pre».pareel,  one1!  with  water  and  the  e>ther  with  a-ii  eHjual  eptantity 
of  tumor  extract  (recently  AHCOLI  e»mploye«l  ricinoleic  acitl  or  liaol**ic 
aciel,  etc.).  If  the*  number  of  drops  an*  larger  in  the  latter  mixture* 
than  in  the  fe>rme»r,  there  Is  a  presumption  that  the.  He*rum  is  from 
a  cancer  patient.3 


1  Mt»i(mtagmia  nnie^.ion  ••*•  rcitr.iiou  of  «!«allt»r  nixwl  dropn. 

1  [10,  F.  BKHNHTKIM  and  IKVINU  K.  SIMONH,  nftiT  <TitiiNilly  n*vii'wiu«  fh«*  lit«* 
turo  and  their  personal  experience,  Iwvo  tltsninied  the  Meitmtn^tniu  renotitiu 
UH(klet)H  dinicaUy.  Amer,  Jtmr,  Me<l,  H«i.,  vol.  I  !U,  p.  HI12,  rl  «*•</.  Tr.J 


An  iustorisk  (*)  after  mi  author's  name  refers  to  a  reference  in  the  index  of 
names. 

PART   III. 

THE   ORGANISM  AS  A  COLLOID   SYSTEM. 
The  Significance  of  the  Colloidal  Condition  for  the  Organism. 

HKOKNTLY,  I  road  in  a  French  maga/iino,  a  fantastic  description 
of  a  visit  to  the  Martians.  They  were  pictured  as  men  with  iron 
faces;  with  a  great  hill  replacing  the*  nose;  three  glass  eyes  and 
joints  and  limbs  of  iron.  Why  did  not  the  artist,  const  met  his 
people  of  a  material  actually  found  on  that  planet?  If  we  assume 
that  life  exists  on  other  planets  and  disregard  the  theory  of  pan- 
NpcnnogonoHis  l  accepted  as  probable*  by  Sv.  AumiKNifs,  n  priori  it  Is 
probable*  that  life  is  associated  with  substances  jsimilnr  to  those  with 
which  it  is  associated  on  our  earth.  One  thing  I  can  assert,  thnt 
whatever  the  material  com  position  of  such  tiding  hcuig^  imiif  ln\  it  must 
be  colloidal  in  nature. 

Those  iron  Martians  could  no  more  exist  than  could  erystalli/od 
lift1.  What  condition  of  matter,  other  than  the  colloidal,  could 
adopt  such  changeable,  such  plastic  shapes,  and  yet,  when  necessary, 
ho  in  a  jxwition  to  maintain  them* 

An  exchange  of  Bulwtanee  may  occur  in  jellies  an  well  an  in  n  fluid; 
in  the  latter  the  leant  touch,  an  unintontionod  movement,  disturbs 
the  result  of  diiTiwion  and  brings  about  the  death  of  the  system; 
the  changes  in  a  jolly  arc*  fixed  as  in  a  solid  mass.  ( 'nHnids  may  form 
l>enneable  walls  or  mcmhranos,  whose  permeability  is  regulated  by 
the  substances  which  pans  through  them;  thus,  for  instance,  the 
sulphates  which  arc*  IOHH  imjwrtant  to  the  organism  close  the  pawtgoH 
on  themselves;  the*  chlorids  facilitate  thoir  own  entrance. 

Foods  ent(T  our  digeHtivc*  tract  in  colloidnl  rondition,  us  ntlnmtin 
and  Ht4irchos.  Made*  fluid  au<l  oiwily  difTumhlo  by  the  en^ymen,  th«\v 
|>onetrate  the  organism  in  order  to  lie  fixed  and  again  tritn*forwf<l 
intx>  colloids.  In  that  condition  only  are  they  retained  by  the  or- 
ganism and  prevented  from  flowing  away.  Colloid*,  because  of  thoir 

1  According  to  thw  thwr>%  it  in  r<«tn»tvaltl«*  tlmi  KITIUH  uf  lif«-  tnivrl  fr«»iu  »»«n 
planot  to  another  an«l  that  thry  ili*v<«lop  th<'ri»  iintlrr  fiiv«miMt<  ci 
m>  that,  to  a  certain  oxti»nt,  ortc  Htar  inf<*rt.H  another  on*«  with  lifi<. 
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surface  ({erelojunent,  unite  the  advantages  of  the  stilid  condition  with 
that  of  the*  fluid;  ohserve  for  a  moment  a  mountain  climber,  a  fever 
patient,  or  a  tree  in  the  springtime,  which  is  decked  with  leaves 
in  four  or  five  days.  What  enormous  amounts  of  chemical  energy 
an*  expended  by  the  mountain  climber  lit  a  few  hours,  what  large 
quantities  of  protein  are  in  a  short  time  consumed  by  the  fever  patient, 
what  large  quantities  of  material  arc  carried  to  and  from  the  periph- 
ery of  the  tree.  With  the  least  hiss  of  time  the  reserves  must  be 
mobilised  and  carried  to  the  sent  of  war,  the  places  where  they  an* 
consumed.  Such  a  rapid  mobilisation  is  unthinkable  in  the  ease  of 
a  solid  crystalloid,  with  its  >mnll  surface;  n  chemical  process  in  a 
swollen  colloid  may  only  occupy  minutes,  wheren*  the  same  reaction 
in  a  shrunken  colloid  requires  days, 

How  wonderful  by  means  of  ffff>.w|tfmji  is  the  action  of  surface 
({crelupmeHt  ax  a  regulating  nuvhanitw,  I*u\tts  consumption  of  foods, 
salts,  oxygen,  etc.,  are  excreted  as  quickly  a<-  jw»sMhle  by  the  colloid 
components  of  the  body,  but  when  tin*  supply  ceases,  the  amount 
given  of!  becomes  less  and  when  thru4  is  ;i  deficiency  tin*  organism 
tenaciously  retains  the  lust  traces  for  its  time  of  nerd, 

Quantitatively,  the  substance  most  im|*»rtnnt  fur  flit*  organism  is 
tm/fr;  colloid  and  wafer  are  one  in  the  organism;  an  organism 
without  water  is  lifeless.  \Ve  run  imagine  such  nit  intimate  and 
varying  relation  to  witter  only  in  a  colloid  system;  the  process  of 
wwlliny,  the  adsorption  of  water,  and  shrinking  to  complete  dry  ness 
exhibit  no  leaps  or  sudden  changes  in  condition,  If  we  compare 
crystalloids  with  colloids,  we  shall  see  that  something  entirely  new 
with  very  changed  properties  n  solid  crystalloid  precipitate,  np|H*ars 
from  a  solution  UJHIII  losing  water,  Such  n  *y*tem  would  be  tumble 
to  maintain  correct ly  the  constantly  oscillating  water  balance  and 
the  normal  condition  of  swelling  in  tin*  organism,  or  to  net  as  an 
accumulator  of  large  quantities  of  wuter,  like  muscle,  and  release  it. 
for  use  when  n«*ceH«iiry.  Hurtt  n  system  rittild  not,  liken  |«4it,  sw*n*th 
tmt  I/if  irrryular  chvmirnl  I/II/IM/^I-.V,  which  tin*  orgiitusnt  ex|H*riences, 
m  tlu*  result  of  phymological  and  puihuiogicul  lift*  j>n*ci*Hses,  and 
which,  after  iilimifption,  conMatttiy  rej«t4jreH  tt*»  slnte  nf  Dwelling  f«i 
nonnal  l>y  means  of  Hecr«*t ion  (kidney,  skin»  etc,), 

We  thuH  nee  thut  the  pnweHMi*!*  which  cntiw*  us  Ui  nmrvcl  at  the 
wondt^rful  iwlaptittiility  of  Nature  rt4Ht  iipmi  the  simple  laws  applicable 
to  colloids.  Thus  it  in  that  I  am  unable  to  imagine  that  the  com- 
plicated and  adaptive  phenomenal  if  LifV  emtld  ln» 
with  any  other  than  u  colluidal  syntem. 


CHAPTER  XIV. 

METABOLISM  AND   THE  DISTRIBUTION   OF   MATERIAL. 
The  Distribution  of  Water  in  the  Normal  Organism. 

TICK  earliest  stages  in  the  development  of  life  arc*  accompanied  by 
powerful  processes  of  swelling  which  noon  reiteh  a  maximum,  and 
then  pass  over  into  a  shrinking,  which  becomes  progressively  greater, 
until  (loath  occurs.  In  the  eases  of  plants,  the  struggle*  for  water  be- 
tween seed  and  soil  starts  with  germination  (A.  Mi'NTfc*).  (trowing 
and  full-grown  plants  show  a  certain  turgor,  *>.,  a  fulness  or  tension 
like  a  distended  rubber  balloon,  while  a  dying  plant  in  withered  and 
poor  in  water. 

A  three*  months'  human  fetus  contains  94  per  cent  water;  nt  birth 
the  water  content  is  from  09  to  00  per  cent;  in  adult  lift*  58  per  cent.* 
1  am  not  acquainted  with  any  figures  of  the  water  content  of  the  ng«*el, 
but  it  is  generally  and  with  justice*  assumed,  that  in  old  ttge,  the 
water  content  decreases*/  turgeseenee  in  general,  and  of  the  skin  in 
particular,  is  obviously  lost*  The  organism,  taken  an  a  whole,  dur- 
ing its  life  evidently  passes  through  the  curves  of  swelling  and  shrink- 
ing of  an  inelastic  gel.  In  individuals  of  the  same*  speeie*s,  the  water 
content  is  probably  fairly  const-ant  for  the  name  period  of  life. 

The  water  content  of  the  individual  jwrtions  of  plants  and  of  simi- 
lar organs  of  different  plants  varies  remarkably.  Though  je*l!y-Hke 
protoplasm  contains  from  00  to  90  per  cent  of  water,  the  dry  wall  of 
ligneous  cells  takes  up  from  48  to  51  per  cent*  while  the  jelly-like 
membranes  of  nontoeaeeie  and  pahnellaeeu*  absorb  us  much  HS  lit  HI 
per  cent  of  water,  according  to  NAUKM;  on  the  other  hand,  cork 
membranes  have*  hardly  any  swelling  capacity  tit  nil. 

The  resistance  offered  to  loss  of  water  is  exceptionally  vuriuble. 
It  may  be*  said,  with  certain  exceptions,  that  plants  tire  much  mort* 
resistant  than  animals.  Especially  the  lower  forms  of  life,  particu- 
larly the*  spores  of  bacteria,,,  yeasts,  alg»\  mosse*s  and  seM'ds  mny  hew 
almost  complete  dehydration  without  dying.  LOHH  of  water  is  often 
of  great  biological  significance  for  plants.  It  mnkes  SJWHVS  and  seeils 
less  sensitive  to  changes  of  temperature;  and  in  the  rase  of  .some 

1  Thr  p<*ut«*r  wuti»r  ron1«*nt  of  tht*  tntiivichm!  organ*  of  tht*  nnrlHtrn  m  run- 
tnwtcd  with  th<«*«*  of  wlnldt  m  imperially  fvttlfttt  fntiit  the  tuhlfH  of  K,  Ilwrht*!!,* 
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higher  plants,  the  spreading  of  the  seed  pods  upon  drying  leads  to 
movements  which  serve  to  distribute  the  seeds.  Best  known  is  the 
"blooming/'  or  the  swelling  of  the  "  Jericho-rose. "  Higher  animals  on 
the  other  hand  are  very  sensitive  to  losses  of  water :  f rog$,  according 
to  KUNDE,  may  withstand  a  gradual  loss  of  water  up  to  30  per  cent, 
but,  if  they  are  rapidly  dried,  they  perish  when  the  loss  is  only  18 
per  cent.  In  the  latter  case,  there  is  evidently  no  time  for  an  equali- 
zation in  the  distribution  of  the  water.  Thirsting  human  beings  also 
show  great  losses  of  water,  though  of  course,  there  are  no  data  as  to 
the  lethal  point.  A.  DXJRIG  informs  me  that,  after  a  forced  march 
in  hot  weather,  he  lost  5  kg.  of  water.  The  investigations  of  N. 
ZUNTZ  and  SCHUMBERG  on  marching  soldiers,  as  well  as  those  of  N. 
ZUNTZ  on  mountain  climbers,  showed  that  exercising  men  lost  water. 
Roughly  measured,  the  water  ingested  after  forced  marches  does 
not  replace  the  water  lost.  We  may  say  here,  anticipating  some- 
what, what  animal  experiments  of  H.  GERHAKTZ*  show,  that  the  loss 
of  water  affected  primarily  the  musculature  and  then  the  fluids  cir- 
culating in  the  organs. 

Freezing  (gefrieren)1  has  an  effect  on  the  organism  similar  to  the 
withdrawal  of  water.  It  was  formerly  believed  that  the  formation  of 
ice  burst  the  cell  walls  or  tore  the  protoplasm,  and  the  damage  from 
freezing  was  ascribed  to  these  gross  mechanical  influences.  It  was 
shown  by  the  investigations  of  A.  E.  NAGELI,  W.  SACHS,  H.  MOLISCH, 
and  MULLER-THURGAU  that  these  views  were  false,  that  usually 
there  was  no  formation  of  ice  in  the  cell,  but  that  the  ice  crystals 
grew  between  the  cells  in  the  intercellular  spaces.  P.  MATRUCHOT 
and  MOLLIARD*  studied  plant  cells  and  found  that  the  phenomena 
observed  in  drying  or  plasmolysis  resembled  those  induced  by  freez- 
ing (erfrieren).  H.  W.  FISCHER,**  as  the  result  of  exhaustive  studies, 
reached  the  conclusion  that  the  damage  done  to  animals  and  plants 
by  freezing  them  (gefrieren)  was  analogous  to  the  partially  irre- 
versible changes  produced  in  gels  by  glaciation.  He  believes  that 
the  adsorption  of  electrolytes  in  particular  is  thus  affected  unfavor- 
ably. If  a  solution  of  potato  starch  is  frozen  and  then  thawed  out, 
the  electrolytes  may  entirely  dissolve  again  but  the  starch  has 
become  insoluble.  Frozen  leaves  present  an  analogous  condition  in 
that  the  chlorophyl  is  no  longer  retained.  In  this  valuable  work  he 

1  Freezing  (erfrieren)  and  glaciation  (gefrieren)  must  not  be  confused.  A  plant 
or  an  animal  freezes  if  life  processes  cease  by  reason  of  the  low  temperature. 
This  temperature  depends  upon  the  nature  of  the  organisms  involved,  and  in 
the  case  of  warm-blooded  individuals  is  usually  far  above  zero;  in  the  case  of 
other  organisms  (seeds  and  spores),  however,  it  may  be  far  below  zero  (—200). 
Glaciation  always  means  ice  formation. 
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shows  that  the  condition  and  age  of  protoplasm  when  frozen,  i.e.,  at 
the  lethal  point,  is  similar  to  that  observed  by  VAN  BEMMELEN  in  the 
drying  of  colloids;  when  the  latter  are  frozen,  they  become  optically 
inhomogeneous,  and  their  staining  capacity  changes. 

For  normal  functioning  there  is  an  indispensable  normal  water 
content  for  every  individual  or- 
ganism and  organ. 

The  total  water  content  of  an 
organism  gives  us  an  idea  of  its 
water  requirements;  the  water 
content  of  the  individual  organs 
informs  us  about  the  distribution 
of  water  in  the  organism. 

A  clearer  idea  is  obtained  by 
observing  the  distribution  of 
water  in  animals  especially  in 
mammals.  In  Table  III  (see  p. 
219),  I  have  compiled  the  water 
content  of  the  different  adult  organs 
from  available  data.  Table  II 
(p.  218)  shows  the  distribution 
of  the  total  water  content  (100 
per  cent)  in  the  various  organs. 
I  have  placed  the  proportionate 
weights  of  the  organs  to  the 
total  weight  alongside  for  com- 
parison. The  data  in  Tables  I 
and  II  show  far-reaching  differ- 
ences (see  especially  Skin  in 
Table  II),  for  which  age  and  nu- 
tritive condition  are  responsible. 

In  healthy  animals  and  men,  there  is  a  definite  swelling  ratio  for 
the  individual  organs,  a  dynamic  equilibrium.  The  maximal  varia- 
tion of  normal  swelling,  more  or  less,  is  called  the  swelling  range.1  It 

1  Definitions: 

Swelling  capacity  is  the  maximal  capacity  for  absorbing  water,  expressed  in 
W  (weight  of  water) 

D  (dry  weight) 

Swelling  is  the  water  content  of  a  gel  or  an  organ  expressed  in 

W 
D  ' 

Swelling  range  is  the  greatest  variation  in  the  capacity  of  an  organ  to  absorb 
water  under  different  conditions. 

-  W  (maximal  weight  of  water)  —  W  (minimal  weight  of  water) 

__  . 

A  normal  swelling  range  and  an  abnormal  swelling  range  exist. 


a  6  c 

FIG.  37.  Spirogyra:  a,  before  the  ex- 
periment; 6,  frozen;  c,  after  thawing. 
(From  H.  Molisch.) 
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TABLE  II. 
PERCENTAGE  DISTRIBUTION  OP  WATER  IN  THE  INDIVIDUAL  ORGANS. 

(Entire  water  in  the  organism  =  100  per  cent.) 
(After  A.  Albu  and  C.  Neuberg,*  Bischoff,*  Engels  *  and  A.  W.  Volkmann.*) 


Human. 

Dog. 

Distribution  of 
total  water  in 
each  organ. 

Weight  of  organs  in  per  cent 
of  body  weight. 

Distribu- 
tion of 
water  in 
each  organ. 

Weight  of 
organs  in 
per  cent  of 
body 
weight. 

Blood  

4.7—9 
2.3 

6.6—11.0 

3.2 

2.8 
2.4 
0.4 
0.6 
9—12.5 

47.74—50.8 
2.7 

Newborn 
Man 
Woman 
Newborn 
Man 
Woman 

Man 
Woman 

4.9 
13.5 
18.2 
28.2 
11.3 
6.9 
5.7 

4.1 
5.4 

8.27 
11.58 

9.68 
3.86 
2.83 

1.01 
9.08 

47.74 
1.59 

7 
16.11 

8.18 
3.60 
2.36 

0.85 
17.39 

42.84 
1.37 

Fat 

Skin  .  . 

Viscera^ 
Intestines 

Liver. 

Lungs  

Spleen 

Kidneys  

Bony  skeleton. 

Newborn 
Adult 
Newborn 
Man 
Woman 

Newborn 
Man 
Woman 

15.7-17.7 
15.9 
22.9-23.5 
41.8 
35.8 

12.2-15.8 
2.6 

2.7 

Muscles 

Nerve  substance: 
Brain  

Spinal  cord 

Remainder 

11.0 

is  very  small  for  the  skeleton,  the  blood,  and  the  intestines,  has  a 
middle  value  for  the  viscera,  and  becomes  higher  for  skin,  muscles, 
and  kidneys. 

This  was  deduced  especially  from  the  experiments  of  ENGELS.* 
He  kept  dogs  without  food  four  days  and  determined  the  water 
content  of  various  organs  (normal  animals).  Another  series  of  dogs, 
after  the  same  preliminary  treatment,  received  an  infusion  into  their 
jugular  veins  of  1160  gm.  physiological  salt  solution  (on  the  average). 
Three  hours  after  the  termination  of  the  infusion,  the  animals  were 
killed  and  the  water  content  of  the  organs  determined  (water  treated 
animals). 

In  the  following  table,  the  percentage  of  the  water  infused,  that  is, 
recovered  from  the  individual  organs,  is  shown  in  column  A,  and  in 
column  B  is  the  percentage  increase  in  weight  of  the  several  organs 
in  terms  of  their  own  weight: 
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A. 

B. 

IMuscles                    

67.89 

17.1 

Skin                        

17.75 

11.9 

Liver                   

2.96 

8.9 

Intestine                

2.25 

3.0 

Lungs                    

1.97 

9.0 

Blood                

1.55 

2.4 

Kidneys                  

1.41 

17.9 

Brain                   

1.13 

8.9 

Uterus                        .... 

0.28 

10.0 

Lost  in  bleeding  

2.82 

100.01 

TABLE  III. 

WATER  CONTENT  OF  VARIOUS  HUMAN  ORGANS  IN  PER  CENT.1 
(After  Albu-Neuberg,*  Bischoff,*  Halliburton,*  Pribram,*1-  Rumpf.*) 


1 

Adult 
(normal). 

Child  (normal). 
N  —  Newborn. 
2  M  —  2  montits  old. 

Adult  (pathological). 

Blood  

77.9—83 

N85 

90  and  more  (Anemia) 

Fat  

29.9 

75.5—83.9  (Nephritis) 
73.2—66.5  (Diabetes) 

Viscera: 
Intestines   

73.3—77 

N83.1 

Heart  

79.2—80.2 

2M75.5 
N  83.  3—  93.1 

79.2—80.4  (Nephritis) 

Liver  

68.3—79.8 

2M80 

N  80.5 

68.5—87.3  (Nephritis) 

Lung:  

78—79 

2M73 
N82.6 

Spleen      

75.8—86.1 

2M79.4 

N78.4 

90.6  (Nephritis) 

Kidneys     

77—83.7 

2M77.7 
IS!  85.7 

84.8—88.2  (Nephritis) 

.Bony  skeleton 

22  —  34 

2M81 
N32.3 

Muscles  

73—75.7 

2M62.3 

N81.8 

Nerve  substance: 
Brain                 .  . 

75—82 

2M71.7 
N89.3 

80.9—83  (Nephritis) 

2M89 

1  I  have  omitted  the  figures  for  skin;  they  vary  for  different  authors  between  31.9  and  73.9,  be- 
cause some  have  given  the  water  content  of  skin  deprived  of  fat  and  others  that  with  the  fat  attached. 

Since,  in  the  dog,  muscles  constitute  42.82  per  cent  and  skin  16.11 
per  cent  of  the  total  body  weight,  these  organs  under  normal  con- 
ditions actually  store  up,  respectively,  47.74  per  cent  and  LI. 58  per 
cent  of  all  the  water  in  the  body.  As  a  result  of  their  great  swelling 
range,  the  two  chief  water  excreting  organs,  the  skin  and  kidneys,  the 
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muscles,  most  of  all,  are  able  to  accumulate  large  quantities  of  water. 
In  ENGEL'S  experiment  they  took  up  2/3  of  the  water  supplied. 

If  water  is  supplied  to  the  organism,  the  blood,  on  account  of  its 
low  swelling  range,  gives  off  the  excess  chiefly  to  the  musc]es  and 
skin;  it  parts  with  some  to  the  glands,  chiefly  the  kidneys.  On  this 
account,  saline  infusions  after  a  severe  loss  of  blood  have  usually 
only  a  temporary  effect.1  Muscles  and  skin  behave  like  a  reservoir, 
the  blood,  like  a  rigid  pipe  system,  from  which,  if  the  pressure  is 
sufficient,  excess  of  water  constantly  flows  through  a  small  vent.  In 
carrying  out  this  wise  arrangement,  the  organism  utilizes  the  various 
swelling  ranges  of  the  organ  colloids. 

Though  I  have  used  the  above  picture  of  a  rigid  pipe  system  for 
the  blood,  it  is  not  strictly  accurate,  for  the  blood  has  a  small 
swelling  range  of  its  own,  as  we  see  from  ENGEL'S  table.  This  may 
be  attributed  to  the  fibrinogen,  as  we  .learn  from  the  following 
facts.  The  required  data  I  have  taken  from  E.  ABDERHALDEN 
(pp.  592-593).*1 

The  water  content  of  various  animals  is: 

Per  mil. 

*  In  the  entire  blood 749-824 

Serum 902-926 

Blood  corpuscles 604-633 

From  this  we  see  that  when  the  water  content  of  serum  increases 
2.6  per  cent  (from  the  minimum),  it  reaches  its  maximum,  and  the 
blood  corpuscles  reach  their  maximum  with  an  increase  of  5  per 
cent.  The  entire  blood  on  the  contrary  has  a  swelling  range  of  10 
per  cent.  There  must  therefore  be  something  in  the  blood  that 
swells  especially  well  and  the  only  possible  substance  is  the  fibrinogen. 

Let  us  compare  the  maximal  and  minimal  content  of  water  dis- 
tributed between  serum,  blood  corpuscles,  and  the  whole  blood  in  the 
identical  animals. 

Max.  =  maximum  water  content  among  the  various  species  of 
animals. 

Min.  =  minimum  water  content  among  the  various  species  of 
animals. 

1  Attempts  to  hold  the  fluid  in  the  vessels  by  the  addition  of  colloids  have 
been  unsatisfactory .  A  more  favorable  result  is  obtained  when  14  grams  of  salt 
and  10  grains  of  crystalline  sodium  carbonate  are  administered  either  intrave- 
nously or  bv  rectum  (Jn  J.  HOGAN  and  M.  H.  FISCHER).  It  was  accomplished 
through  reducing  the  swelling  of  the  other  tissues  by  hypertonic  saline  and  neu- 
tralization of  acid  by  the  alkali.  Cholera  collapse,  which  results  from  the  water 
deprivation  by  reason  of  diarrhoea,  may  be  successfully  combated  by  hypertonic 
saline  infusions  (ROGER) ,  [W.  M.  Bayliss  and  M.  H.  Fischer  have  recommended 
the  use  of  gum  arabic  solution,  and  it  is  being  successfully  employed  at  the  front 
in  the  present  war,  see  p.  137.  Tr  J 
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The.  serum  of  the*  cat  had  a  higher  water  content  than  that  of  the 
other  animals  experimented  upon;  the  corpuscles  also  had  a  high 
water  content,  even  though  not  the  highest;  the  entire  blood,  how- 
ever, is  only  a  little  above  the  average.  For  Horse  I,  serum  and 
entire  blood  have*  minimum  values  and  the  corpuscles  u  low  but 
by  no  means  the  lowest  value.  In  the  case  of  Sheep  I,  the  entire 
blood  reaches  a  maximum,  whereas  the  blood  corpuscles  show  a 
minimum,  and  the  scrum  possesses  a  witter  content  a  little  above 
the  average.  With  the  rabbit,  there  is  a  high  water  content  in  alt 
portions.  From  this  we  learn  that  a  substance  possessing  a  great 
range1  of  swelling  exists  in  the  whole  blood,  namely,  ilw  JihrintH/t'ti. 
We  recognize  further,  that  the  elements  of  the  blood  possess  a  cer- 
tain elasticity,  which  smoothes  out  the  fluctuations  in  the  water 
content,  and  which  shows  itself  by  a  *'/<*{/"  of  the  water  plenitude 
or  poverty  in  the  various  elements  of  the*  blood,  depending  on 
whether  there  is  a  supply  or  a  withdrawal  of  water,  a  swelling  or  n 
shrink  ing. 

The*  following  swelling  ranges  arc  found  for  UK*  various  elements 
of  the  blood:  fibrin  >  whole  Mood  >  corpuscles  >  serum.  It  would 
be  desirable  to  have  investigations  of  the  water  content-  of  the  differ- 
ent elements  of  the*  blood  in  flu*  same  animal  before  and  after  water 
has  been  given, 

What,  in  U  then,  thitt  tltimiiiwH  Ihr  mtltr  content  or  siretlintf  of  an 
orynnf  Uneioubtedly  each  organ  colloid  has  a  definite  sirel/iny  M- 
paeiti/  and  a  definite  ,\'irr///w/  /wif/r,  ,-t  /*nW/,  we  may  assume  that 
the  colloids  of  muscles  swell  more  than  those  of  the  epidermis. 
Without  doubt*  the  ittructurr  of  the  given  colloid  is  also  a  factor. 
W.  PFKFFKR**4  (/rir.  r//,  lf  p.  111)  justly  emphasi/es  the  distinction 
between  twthr  of  swell iny,  consequent  upon  the  hydrophile  state  of 
the  swelling  substances  and  the  irtitrr  of  iinhihih'ott,  which  is  drawn 
up  into  the  capillary  interstices  us  into  n  sponge.1 

I*!,  PuiBUAM*1  believes  that  the  swelling  of  protoplasm  in  its  true 
H(*nse,  /.r  t  of  the  jtssirnilatcd  fspecies-nnfive)colloi<lsof  the  cell  iscon- 

1  W.  PFKFrwt  Hfn«!tk,*<,  it  i*  tnit%  nf  "iu«»!<*f'al;ir"  \vufrr  of  ifjihihiliun  mr  ml- 
hcreut.  water)  uml  of  "capillary"  \Nutrr  of  ifultibition,  yH  IK*  irtli»ud«  UK*  wiuue 
dint  motion  tliat  !  have  imiicated  ubuvi* 
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stant.  Only  the  swelling  of  the  nonassimilated  reserve  substance  is 
variable.  This  view,  it  seems  to  me,  receives  its  chief  support  from 
the  findings  of  H.  W.  FISCHER  and  P.  JENSEN*  on  muscle,  which  is 
treated  more  thoroughly  on  page  291.  According  to  their  findings, 
water  occurs  in  muscle  in  two  phases.  One  has  a  constant  value 
and  is  closely  associated  with  the  viability  of  muscle  (conditioned  by 
the  integral  muscle  protoplasm).  The  other  phase  varies  in  the  ex- 
ercising muscle  and  is  only  loosely  bound  (water  of  swelling  of  the 
reserve  material). 

Besides  these  factors  of  swelling  which  are  inherent  in  the  organ 
colloids  under  consideration,  there  are  others  which  are  to  a  certain 
extent  impressed  from  without.  The  natural  salt  content  as  well  as 
the  products  of  metabolism,  especially  the  acids,  are  determinative  of 
the  swelling  of  a  tissue.  Acid  formation  in  an  organ  (e.g.,  C02  or  lactic 
acid  in  active  muscle;  C02  in  blood  corpuscles)  increases  its  swell- 
ing capacity.  If  we  observe  that  the  potassium  salts  predominate  in 
one  organ,  and  in  others,  the  sodium  salts,  or  even  that  there  is  an 
accumulation  of  salts  in  a  certain  portion  of  a  single  cell,  we  may 
conclude  from  that  alone,  that  the  water  content  also  depends  upon 
such  concentration.  Potassium  salts  increase  swelling;  Ca  salts 
deplete  (E.  WIDMARK*),  and  according  to  R.  CHIAEI  and  JANUSCHKE 
inhibit  exudation. 

When  the  loss  of  water  is  very  great  (cholera,  infant  diarrhoeas), 
there  is  an  increase  of  potassium  salts  and  phosphates  in  the  urine. 
From  this  it  may  be  assumed  that  Na  salts  replace  the  K  salts  of 
the  muscles,  and  at  the  same  time  water  is  given  off.  According  to 
E.  PfiiBRAM,*2  this  occurs  in  order  to  protect  more  vital  organs,  espe- 
cially the  brain,  from  loss  of  water. 

Little  is  known  concerning  swelling  from  a  biological  point  of 
view.  On  this  account,  an  observation  of  H.  PAUL*  seems  especially 
noteworthy.  He  pointed  out  in  the  case  of  peat  mosses  that  the  high 
moor  sphagnum  is  able  to  absorb  much  more  water  than  the  low  moor 
sphagnum.  For  example,  sphagnum  molluscum  absorbs  27  times,  and 
sphagnum  platyphyllum  absorbs  16  times  its  dry  weight  of  water. 
In  the  same  paper  we  find  that  the  high  moor  sphagnum  contains 
much  more  acid  than  the  low  moor  sphagnum,  and  that  the  former 
are  much  more  sensitive  than  the  latter  to  the  action  of  alkalis,  lime 
and  salt.  From  this  it  seems  to  me  we  may  certainly  infer  that 
swelling  of  high  moor  sphagnum  is  greater  than  that  of  low  moor 
sphagnum  because  of  its  greater  acidity,  and  that  the  damage  it 
suffers  from  salts,  etc.,  may  be  attributed  to  the  alteration  in  its 
normal  condition  of  swelling. 

We  shall  see  that  abnormal  accumulation  of  acid  in  the  tissues 
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results  in  their  swelling  or  edema.  We  recognise  from  tins,  that  the 
dynamic  balance*  of  the  swelling  is  dependent  upon  the  normal 
course1  of  the1  processes  of  assimilation  and  dissimilatiem.  C  <em- 
versely,  pathological  processes  are  always  followeul  by  an  abnormal 
condition  of  swelling. 

Pathology  of  Water  Distribution. 

In  pathological  conditions,  the*  water  content  may  have  values 
very  elifferent  from  normal.  The*,  wat-er  in  the  blewd  rise*s  to  90  pt»r 
cent  and  more  in  severe  ane*mias,  and  may  fall  to  from  73.2  to  (H15 
per  c(vnt  in  diabetes  (set*  p.  21S)).  Under  other  pathological  condi- 
tions, organs  may  show  abnormal  swelling  (nee  last  column  in  Tablet 
III,  p.  219). 

With  the  active  metabe>lism  and  formation  of  crystalloids,  which 
occur  in  fever,  there*  are*  alterations  in  swelling  (thirst,  dry  ness  of 
the*  skin),  the*  exact  nature*,  of  which  we*  do  not  as  yet  understand. 

As  a  rule*,  there*  has  be*e»n  h»as  attention  paid  to  the*  study  of  the* 
conditions  in  which  the*  swelling  of  an  organ  in  below  normal.  The* 
injection  of  protoplasmic  poisons  (some  heavy  metal  salts,  strong 
acids)  cause  *.s  a  coagulation  of  the*  organ  albumen,  winch  renluees  to  a 
greater  or  lens  e*xte*nt  its  Hwe«Hing  capacity,  I  am  Htill  occupied  with 
more1  exhaustive*  studies  of  the»se*.  questions  which  are*  ul.so  touched 
upon  in  the*  chapter  on  Nvrroxin.  It  is  too  e*arly  to  report  the 
results. 

Edema. 

By  edema  we  unde»rHtand  an  abnormal  collection  of  lluid  in  tissuti 
or  tissue*  spaces;  if  the  fluid  ce>lle»ctH  abnormally  in  a  body  cavity,  wet 
call  it  an  exudate  or  hydropn. 

Tlie*  vie*w  most  ge»ne*rally  accepted  up  to  a  ftkw  years  ago  wan  that 
e*ele*mu  occuirre*el  whe»ne»ve*r  the*  ve*nou«  blexxl  pressure,  or  inon*  cor- 
re»ctly,  the*  difT<»renuH*  he*twt*e»n  arterial  and  venoun  pre».sHure»  was  gen- 
erally ejr  locally  raiseul,  and  the  reniHtanee  of  the  vensel  walls  wan 
diminished  (JuuuH  ("OHNIIKIM,  IH77).  It  is  known  that  in  heart 
and  in  ne»phritiH,  when  the  circulation  is  disturbed  that  large* 
s  of  tlu*  body,  e»Hpe*e'ially  the*  lower  extremitieH,  nwe*ll  and 
Ixworne*  enle^matonH.  The*  le>e»al  inflammatory  enletna  ac<*ompanyinK 
inflammation,  iuwct  bite's  or  the  injection  of  an  irritating  fluid  (t\ijn 
diphtheria  toxin)  must  also  be  consielered. 

The  above*  explanation  luis  som<k  fiiscimition,  and  it  cannot  !»e 
de»nienl  that  it  will  continue*  to  IH»  invoke»d  in  explanation  of  certain 
IK>ints,  e*Hp<M'ially  since*,  the*  observation  of  increase*  in  the  permeability 
of  ve*ssel  walls  cannot  be*  avoided,  whe*n  we»  m*  that  tiveu  corpUHcU*H 
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FIG.  38.    The  ligated  leg  (right)  of  the  frog  is  edematous. 
(From  M.  H.  Fischer.) 

Reproduced  'from  Fischer's  "  Oedema  and  Nephritis,"  second  edition,  by  permission  of  Messrs. 

John  Wiley  &  Sons,  Inc. 
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pass  through  the  walls.  In  general,  however,  it  may  l»e  asserted 
that  the1  above  explanation  has  brought  no  advance  to  our  under- 
standing of  edema.  Histologists  and  physiologists  have  contributed 
an  interminable  amount  of  work  without  making  any  progress. 

A  fundamental  departure  in  the  understanding  of  edema  and  its 
associated  questions  wan  made  in  HH)7  by  the*  investigations  of  an 
American,  MAHTIN  II,  FisrnKtt1,  who  sought  the  cause  of  edema,  nut- 
in  the  vessels,  hut  in  the  tissues  themselves;  he  attributes  to  the 
cdwnatuux  tixxttex  an  increased  swelling  capacity,  M,  II,  Pt^rittuc's 
views  were  immediately  contradicted  and  led  to  more  experimental 
studies  and  scientific  discussions  than  most  biological  theories. 
However,  though  we  must  now  admit  that  M,  II.  KIM'HKK'S 
views  an1  too  far  reaching,  it  cannot  be  denied  that  he  set  up  a  very 
productive*  working  hypothesis.  We  shall  first  state  his  theory  and 
then  discuss  his  opponent^'  viewH, 

The  most  important  experiment  of  M.  IL  FIHC'IIKH  is  the  follow- 
ing: he  ligatures  the*  hind  limb  of  a  frog  so  that  its  circulation  i*  cut 


Kit*.  ."Ill,     HnbhitV*  kitlni'y.s    It-It  norumi,  npjii  r\|irruti«'ittHliv  rilrttmtuirt* 

ofT  (I(%ig.  UX)  and  plm*es  it  in  water  so  that  the  limbs  are  rtivt-f 
The  ligatured  limb  swells  up  and  ut  the  rnd,  <if  2  or  »l  dav>  may 
2  or  M  times  its  original  weight,     If  tin*  frog  is  kept  in  a  dry  ve. 
the  ligatured  limb  dries  uproiupletely,  and  if  it  is  rut  off  mid  ptai 
in  watt»r,  it  swells  up.     I'nder  the^e  ronditioitH  the  bit  Hid  preH^un- 
the  increaHcd  permeability  <tf  the  v<»ssel  \vulls  cannot  pluy  »n>  j* 
in  thedcvi»lopnu*ntof  the  edema,  but  it  in  only  the  tissues,  \\hieh  .^\\ 
man*  strongly  under  the  eireumKtauees  iuentit»iu-d,     lit   flit-   '-.Hi 
manner,  M,  II.  KISCHKK  was  able  to  demonstrate  the  ueettrrntrf* 
c*dc»m.a  in  rabbits'  kidnryx  fl%,  M!H»  mid  in  th«*  /mr.v  atul  /*n«*/.y 

1   Hi*  WHW  l*'tl  t*i  tili.N  Uv  ('\iHTiiiiMit w  nf  J.\i'gf«  i-;?*   L»»t;ii,   ttljirlj  .-ilinut-tl   f 
more  in  iyn*l  nit»l  nlkidiitt*  lluuU  tlmn  tu  tn-ufrjil  %\\\*~.\, 
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sheep.  These  became  edematous,  not  only  if  the  veins  were  ligatured, 
but  also  if  the  artery  was  tied.  Under  the  circumstances,  an  in- 
creased blood  pressure  as  the  result  of  congestion  need  not  be  con- 
sidered. Indeed,  all  dead  bodies  or  portions  of  them  which  certainly 
are  without  blood  pressure  swell  up  when  immersed  in  water. 

It  was  thus  demonstrated  that  the  development  of  edema  de- 
pended upon  the  increased  capacity  of  the  tissues  to  swell,  and  the 
question  then  presented  itself,  What  change  in  the  tissues  permits  the 
development  of  edema? 

An  explanation  was  provided  by  the  studies  of  F.  HOFMEISTER,  his 
pupils  and  successors,  upon  the  swelling  capacity  of  gelatin  and  re- 
lated substances  (see  pp.  67-68).  We  learned  in  that  chapter  that 
acids  and  alkalies  increase  swelling  capacity,  that  other  electrolytes 
in  the  order  there  mentioned,  either  favor  or  diminish  swelling,  while 
nonelectrolytes,  as  far  as  appropriate  studies  as  yet  show,  have  only 
slight  influence.  MARTIN  H.  FISCHER*  (in  collaboration  with 
GERTRUDE  MOORE)  was  able  to  demonstrate  that  the  same  laws 
governed  the  swelling  capacity  of.  fibrin,  the  swelling  of  frogs' 
muscles  and  the  extirpated  eyes  of  oxen  and  sheep.  This  explana- 
tion presupposes  no  membrane  or  osmotic  pressure;  it  permits  an 
unstrained  interpretation  of  processes  which  otherwise  are  explained 
with  great  difficulty  in  the  case  of  animal  cells  unprovided  with 
membranes. 

The  further  question  now  presents  itself,-  What  electrolytes  are  re- 
sponsible for  the  altered  swelling  capacity  of  the  tissues  in  edema? 
We  can  no  longer  offer  a  single  explanation,  and  we  must  study  indi- 
vidual cases. 

Edema  fluid,  the  C02  of  which  has  been  removed,  is  acid  to 
phenolphthalein;  F.  HOPPE-SEYLER  found  in  it  valeric,  succinic, 
butyric  and  lactic  acids.  STRASSBURG  and  R.  EWALD  found  that  the 
C02  content  of  edema  fluid  was  greatly  in  excess  of  that  of  venous 
blood.1  Of  especial  value  is  the  discovery  by  F.  ARAKI  and  H. 
ZILLESSEN  that  any  lack  of  oxygen  is  followed  by  an  excessive 
production  of  acid,  though  this  fact  may  not  be  demonstrable  by 
indicators. 

.  One  answer  is  thus  given  to  the  question  asked  above.  Increased 
acid  production,  one  of  the  results  of  deficient  oxygen,  may  cause  the 
development  of  edema.  Such  a  condition  occurs  in  circulatory  dis- 
turbances and  in  cardiac  insufficiency,  where  edema  is  especially  fre- 

1  I  wish  to  point  out  that  a  certain  contradiction  is  contained  in  the  simul- 
taneous presence  of  organic  acids  and  increased  COz •  Possibly  this  may  be 
attributed  to  the  fact  that  various  edema  fluids  have  been  examined  and  un- 
justified generalizations  deduced.  (The  author.) 
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qiicnt;  it  occurs  also  in  severe  ani'mitis  and  m  certain 
starvation  and  scurvy.  In  nephritic*,  some  substances  recently  dis- 
covcrcHl  iu  the  blood,  may  perhaps  contribute  to  the  inhibition  of 
oxidation.  Cadtwrnc  wtetnu  is  well  known,  as  Is  the  bloated  ap- 
pearance of  drowned  bodies.  In  the  ease  of  living  animals,  only  the 
injection  of  excessive  quantities  of  water  or  physiological  salt  solu- 
tion are  able  to  bring  about  edema.  According  to  H.  MAUNTS,  thin 
is  readily  accomplished  by  injecting  salt  solution  into  the  blood 
vessels  of  dead  animals,  A  dead  frog  may  double  its  weight  in  front 
36  to  48  hours  if  immersed  in  water. 

The*  injection  of  certain  /W/KO/J.S  (especially  lactic  acid)  results  in 
an  oxygen  deficiency  and  thus  brings  about  an  excessive  aeid  pro- 
duction. M,  II.  Kij-vuKit  injected  morphin,  strychnin,  eueain, 
arsenic  and  uranium  nitrate  into  the*  dorsal  lymph  sac  of  frogs  and 
thus  produced  an  edema  which  disappeared  if  the  frog  was  given  an 
opportunity  to  excrete  the  poison. 

Edema  in  the  case*  of  metal  intoxications,,  espeeially  in  the  ease  of 
arsenic,  is  well  known  to  clinicians,  and  the*  great  thirst  and  the  dimi- 
nution in  the  excretion  of  urine  which  occurs  after  morphin,  ether  and 
chloroform  administration,  may  also  he  attributed  to  the  deficiency 
of  oxygen  in  the  tissues,  with  concomitant  absorption  of  witter* 

We  have  only  referred  to  the  development  of  edema  by  acids,  and 
I  wish  to  call  attention  to  the  fact  that  intense*  edema  may  be  pro- 
duced by  alkalies.  Subcutaneous  injection  of  //  10  sodium  hydrate 
results  in  severe  edema. 

If  such  substances  produce  edema  an  favor  the  swelling  of  gelatin, 
fibrin,  etc.,  edema  mast  be  counteracted  by  electrolytes  whirh  re- 
duce swelling.  The  correctness  of  this  assumption  wan  demonstrated 
by  M.  IL  FiHCiiKH  on  the  amputated  leg  of  a  frog,  The  addition  of 
neutral  Halts  diminished  the  swelling  and  acted  in  the  sawi*  order 
that  the  cations  and  unions  did  in  diminishing  tin*  .swelling  of  fibrin, 
Noneleetrolytes,  on  the  other  hand,  had  no  influence. 

M.  IL  KtsruKK  regards  yltnwtunn  as  a  typical  example  of  u  lond 
edema.  Thin  in  a  disease  of  the  eyes,  of  which  the  most  character- 
istic. symptom  is  very  greatly  increased  tension,  which  prudure* 
hardness  of  the  eyeball,  The  excruciating  pains  nud  lows  nf  vision 
are  mere  consequences.  The  various  explanations  given  in  ophthal- 
mological  textbooks  are  quite  unsatisfactory,  whereas  the  rsqien- 
ments  of  M.  II.  FIH^HHR  an*  quite  convincing.  M,  II.  KiM'Misii 
placed  extirpated  ox  eyes1  iu  water,  towhirhso  little  arid  hud  I«M*U 
added  that  it  wan  imperceptible  to  taste.  These  «*yr.s  became  *tt»ny 


1  Tlw  invent  ifcutioiiM  of   I*.   Hf»ttiu/,t*   mt«l   hi*  f»tif»ih   utt    th«»   .M%rlli«in,   mi*! 
nlmtikmg  «if  lumm  in  Molutmtu*  <»f  adtin,  IUIM^M  atid  miltn  «h*iulit  l«*  mt'ntiimr*!. 
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harnl  as  iu  the  most  aggravati**!  uljiuruinn,  *  ^  nthr  t»i!trr  hna«l,  by  the 
injection  of  aiVw  drops  of  I  s  to  I  limnliruijr  u'il,0."»  to  .VI  I  prrtvntl 
sot.  Jiuiu  t*it  niti1  solution  utuliT  t  tirrnuji  AftHh:t  ,  it  \\HS  possible  toruusp 
the  »  piTSsmvin  human  Kluui'uinu  aittliu  arttti*  *wlh  ijaurumatouseyt's 
to  "iHH'tmu*  normal  orrvm  sul»iu»rwul  m  If*  t  hnnlm*  mitmtt's.  [Tl«« 
ol>?-m>rviUionof  HIKSMAN  on  ilu*  ItnvnviS  ornliu  irjri*»u  of  diatH*tirs  and 

truvniuti--     mjrrtiou  «>f  ^lut*titsi»  by 
l  it!  tlui  %  iiuiir*'itt»n,     Tr,| 
r.s  \\ith*  nit  n  t  "Vtvnn*  to  thi*ai»Norptiou 
of    Avatcr  hy  tht*  i*yi'.     It  prub:tiily  ilr|u*miit    *n  th»*  prt-ripitatitm  <if  a 


of  Avatcr  hy  tht*  i*yi'.  It  pru:tiy  ir|u*mit  *n  t»*  prt-ripitatitm  <if  a 
prc  "itcin,  situMMili  ucitU,  l»a^'s  >-iilf-»»u*  i  ii»»fl  *Ttr«»!\t«'-  uhic*h  nmsra 
prt  M'ipitatumnf  prot«*iu%fmw*  it  t'unit';i}  turl»i*  lit),  VUtuf  i-  tritrof  tht* 
wKr-nra  inuy  1»*  sup|HM'«l  fiuif*|  »J>  nl^o  fnthr  t»th«'r  tra!t>p;tri*nt  in«*tha 
of  thtMiy<*,  tlu*  It'iw  ;iu»l  tin1  N  *t  rrnih  Kiumir.  Hrr»%  too,  titi*ra|H*utir 
n»H*ults  have  IK**!!  (ihtaiiHMl  ;ilr*  :«lv,  I**-  fsijtr?  mg  ^«imm  ritniti*. 

.3llAy\VA!ti)  (5.  Titnvt  \'«  obtaif  *»'il  im  intprui  i-m«'Ut  in  %i'inu  in  CUNCS 
nht  iwiuK  a  cloutliiM*^  «*f  tltt»  *"«  *inr,i(  t  hf  Im  <  »»r  tip*  \iiiruiiH  htituur. 
It  IH  nattirnl  It*  a**8um«*  that  f  ip4  Iiirl»t4if\  i  iliti*  to  ;i  in^r'Mr  pn»- 
ci|  "Citation  of  nllnimm  Siimlfi4"  rr^iili  wifr  *«itftninrii  m  an  «*t!rftiit  ci!" 
tht  *  tissues  Hurrouiuliutt  th»*  Kit*  *i\ 

"^Fhc  tiny  HWfllttt^1*  ufmli  P-^nIf  Irmn  iih»  *1  l»tt>  ^  ni>'  r«  j.vir«li'$J  l»y 
M  ~,  It,  KiMtiiKU  H.H  bt*;il  »i!r!iui".  |ifiH|>i»*Mt  l»f«  ittli«»|»  oj  ip*ifl  sir  MONK* 

HU^wtillin*   whir  It   iut**tI«T**'»  W  If  h  tin4     siiJl'lii'i  I  uM'I'ttu*'   fifiirr^fH  of 

(h*  •  tissues.    Tit«*  lH4u«*fii'i:ilH**t  itntui  a?  UIJUHU  uit  touiatth  ftuployt*(i 

ou    iuHHl  hiti'H.  fiivur^  f  iiitaii  %%  ,     \t   H.Fi'*  inupioiiuoft    nrttfiriul 

lh%j»ihitt»H  *'  nil  §4i*liittli  j»I;itr»  I  »  v    ^  I  if  la  >m  th*  t  1$  lutii  ip'i-41*  ^  ilifiprd  ill 

Fcir**tmr  arlfl  itiiii  thru  {ilaring   t  inn  in   ttnt*'»  nth  4tntuout;i  hr  wii^ 

ab   1(»  tO  Itlliko  tltl*  I4iy*lliligi  rrr^  -ilr, 

•^f')m'f»f  M,  1C.  FlHi  iiiJt\itl*'**  T\;itiui4;4  *«n  **irf  i|i**r:il  M^ntluMUrt*  tti 
lilt;  .'%  in  Ib*  i*ii«1li*lii«*i!li  ill  ttitlir  4itt  tliva,^  II**  <ili» 

8«*«r*v(Kl  in  plat«*-»  ii|Htu    which  $tvnil«l       !M<!  V*n    »mu,  an  i»lt*» 

vi^-tbniit  tlu'rriitriMtl  ntrlH'»»!*iin  (•»  «"Ilini?,  j  If  w*»  u-raii  flrif  iinnv 
nk....:In  cut  i  "»*'«(  l»v  t  riir  fiiin/j  r«'h%fctol  t*i  tip*  iipinldi  a««l 

tli  ,4it  in  many,  thi*  iiwi-4  rhur^irti'ii  ti  -  i\ini    tium    aiv  ttii»%§I"  ^»\vi*H- 

IMtfllllw  Vi*/*irl«'i*,  tit*'  niilili*^  \  IMU?    t»*l  |K<  ii«  flrrtnS,      \Iu|t*» 

ov*rr,  wt*  tiitjHt  ttiiitk  of  4iiftb|.tt  >IH  |iri**'»  ^«n<  *  i  »«•  «"**»  .jftrr  «»th«  r  Uiful 
immrriitM  i$ffi»r  miriil^itiim  «  i<h  i:»J«rtio4i'»  ifiiniwir^iuiMi!1 
or*-  tht«  iiijiTtbii  of  tli|ilit}itftii  iififiiti\in 

Inn  Iiitif  \v«irk»   M,  H,   I^I^HIH*  rbf    rnmtr*t  hi*  iMiiinfiiriifiil 
lit        (if    fi'lhiliir  put  iiitlbfc)     '»fi»l  "t  n*ir«i    **  *t'*{1:*,'}     ('lotiily 

IH  fiiuiitl  in  thv  tivrr.  tutu*-*  ',  "|4  ^-i'ii,  *m»I  ><w  «*!»*  n«ll»*  tif 


in    Intrriiii  4i  ii«"  r  n  liMl^.ij  »«  *    \\ri    aU4Hifi       U, 

i«4l»*i         III!  l.-Jfllil      «i     'i'»fc6 
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persons  dying  as  the  result  of  acute  infectious  diseases.     The  cells 
involved  are  enlarged  and  more  or  less  cloudy;  macroscopically,  the* 
organ  involved  appears  at  times  as  if  it  had  been  Innled;  microscopic- 
ally,  granular  deposits  are  seen. 
a 

clour 


Itt'producwi  from  Fi«»ltttr*ii  **0«d«ntui,  tuul  N««pliriti-»,M  w^rt»nti  nliittiii,  !«>•  jtrrint^-nMit  uf  Mrrmi, 

John  \Vilt\v  «1  Suufi,  Inr, 

M.  H,  FISCHMU  (experimentally  produc(*d  cloudy  Dwelling  in  the 
liv(»rs  and  ki<luc»yH  of  rabhif-n  l»y  placing  them  in  distilled  water  or 
dilute  acids.  Addition  of  various  salts  delayed  or  hastened  the  de- 
velopment of  cloudy  Hwcllmg.  According  to  M.  !L  Ki.sniKU,  whether 
the  swelling  occurs  pathologically  or  experimentally,  it  is  explained 
just  as  is  edema;  an  the  result  of  tin*  production  of  acid*  in  the 
injured  tissues,  they  swell.  The  cloudiness  runs  parallel  with  the 
precipitation  of  proteins,  especially  that  of  casein  l»y  acids.  The  pro- 
duction and  disappearance  of  granules  in  pareitehytiwtous  cell*  in 
the  presence  of  additional  acid  occurs  exactly  like  the  precipitation 
and  re-solution  of  casein  upon  increasing  the*  concentration  of  acid, 
The  "cloudy  swelling"  is,  therefore,  the  result  of  acitl  production  in 
the*  tissues,  though  the  swelling  and  the  clouding  are  two  pmces**-* 
entirely  independent  of  each  other. 

AH  lias  been  stated  already,  M,  II.  Fisrii nit's  theory  WHS  actively 
discussed  and  contradicted.  Before  approaching  this  di.scu.ssioii  \ve 
shall  present  a  brief  resume,  FisntKit  maintains  that  edema  results 
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from  the  swelling  of  organ  colloids,  which  is  induced  by  acids  that  are 
produced  by  a  disturbance  in  the  oxidative  processes  of  an  organ. 

The  first  objection  is  directed  against  the  assumption  that  processes 
which  occur  in  dead  colloids  may  be  transferred  to  the  living  or- 
ganism. It  was  raised  by  G.  BENTNER,  JACQUES  LOEB  and  A.  R. 
MOORE.  They  admit  that  FISCHER'S  experiments  apply  to  dead 
tissue,  especially  muscle,  but  that  they  fail  in  the  living  organ  where 
osmotic  processes  are  active  and  satisfy  all  the  conditions.  The  objec- 
tion of  R.  HOLER  is  especially  searching,  that  if  only  electrolytes  may 
inhibit  acid  swelling,  a  piece  of  muscle  would  swell  in  sugar  solution. 
As  a  matter  of  fact  the  muscle  volume  is  unchanged  in  an  isotonic  sugar 
solution.  M.  H.  FISCHER  *L  combats  this  by  stating  that  the  existence 
of  osmotic  membranes  in  living  cells  is  quite  readily  conceivable  (see 
p.  290),  and  points  to  his  experiments  which  reproduced  the  contraction 
of  living  muscle  by  means  of  catgut,  a  dead  colloid  material.  Osmotic 
attraction  of  water  is  inconceivable  nor  does  it  assist  the  explanation. 

The  second  objection  is  directed  against  the  very  development  of 
acids  in  tissues  and  was  raised  by  A.  R.  MOORE,  who  was  unable  to 
detect  acids  by  acid  fuchsin  or  neutral  red  in  muscles  made  edematous 
according  to  FISCHER'S  technic  nor  in  the  lymph  or  kidneys  of  rabbits 
injected  with  acid  salts;  and  who  maintained  that  consequently  the 
acid  content  of  such  tissues  is  not  responsible  for  the  edema  or  albu- 
minuria.  FISCHER  meets  this  objection  by  stating  that  acidity  of  tis- 
sues is  not  to  be  detected  by  color  indicators  since  the  acids  combine 
with  proteins  and  that  even  traces  of  acids  induce  swelling  and  that 
there  is  no  more  delicate  indicator  of  acidity  than  the  swelling  of 
proteins.  [FISCHER  insists  that  pH  swelling  in  protein  nowhere  par- 
allels pH  concentration.  The  degree  of  swelling  follows  the  order, 
HC1  >  lactic  >  sulphuric  acid.  Tr.] 

The  third  objection  is  directed  against  the  generalization  of  FISCH- 
ER'S hypothesis.  FISCHER  performed  his  experiments  principally  on 
muscles  which  behaved  by  swelling  in  the  presence  of  acids  like  fibrin 
or  other  dead  colloid  but  this  would  not  apply  to  all  kinds  of  tissue. 
Connective  tissue  and  cartilage  apparently  behave  the  same  way. 
L.  PINCTJSSOHN,  however,  found  that  kidney,  spleen,  liver  and  lung 
usually  became  less  swollen  in  acid  than  in  pure  water.  Kidney  cortex 
and  kidney  medulla  showed  a  difference  in  that  the  former  became 
more  swollen  in  acid  and  water  than  the  latter.  These  experiments  do 
not  impress  me  as  decisive  because  physiological  salts  were  absent. 

The  behavior*  of  nerve  tissue  is  especially  interesting.  REICHARDT 
called  attention  to  a  clinical  condition  which  occasionally  occurs  in 
dementia  prsecox  and  causes  sudden  death.  He  noted  an  increase  of 
weight  and  volume  in  such  brains  without  other  detectable  macro-  or 
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microscopic  changes.  I  fe  designated  this  condition  swelling  of  the  brain 
in  contrast  with  ntnna  of  the.  brain;  it  is  jx^ssil  >le  to  demons!  rate  tin*  iluid 
transudate  from  the  blood.  In  swelling  of  the  brain,  it  is  dry,  solid  and 
gelatinous.  Rnu'iLumr  s  observation  wan  made  about  tlu*  time  PisritKH 
published  Ids  theory  so  that  it  seems  apropos  to  mention  it,  J.  BAI'K.K 
and  BAUKU  and  AMKS  tented  slices  of  brain  and  eord  antl  fcnmd  that 
swelling  was  observed  occasionally  with  a  one  thousandth  normal  acid- 
ity, but  with  greater  concent  rat  ion  (even  of  carbonic  acid),  a  shrinking 
always  occurred.  On  this  account  they  reject  FISC'HKH'S  acid  theory. 

Contradicting  JL  BAUKH,  FISCHKK  in  experiments  (with  HOOKKIC) 
found  that  nervous  tissue*  behaved  toward  salts  and  acids  like  fibrin 
and  other  tissue*.  He  explains  the  disagreement  by  tlu*  fact  that 
BAUKH  chose  tissue  which  had  been  dead  (i  to  2-t  hours.  The  optimal 
concentration  for  swelling  had  already  been  exceeded  by  the*  jxwt 
mortem  development  of  acid, 

The  fourth  objection  wan  raised  by  pathologist  s  who  maintained 
that-  what  FIHCHKK  described  MW«  not.  rdwna  at  alL  Tlu*  main  loca- 
tion of  edema,  connrctiw  //M.W,  exhibits  apparently!  like  fibrin,  the 
swelling  antl  shrinking  phenomena  with  acids  and  suits  but  is  essen- 
tially dissimilar  from  cdcmatous  tissue  and  more  like  hyaline  or  amy- 
loid degeneration.  (MAurHAND,  Ku»:MKNrtiKWtt%  H.  SrtiADK.)  The 
fibers  show  the*  chief  swelling  in  acids  but  in  edema  the  main  swelling 
in  oxtrafihrillar.  Firt<'Httu  fails  to  <listinguish  between  Kirt'ttintj  of  the 
protoplasmic  substance  and  turyur  of  the  entire  tissue.  Against  this 
view  that  in  edema  the  aqueous  fluids  accumulate  in  the  tissue 
spaces  antl  not  merely  in  the  protoplanwa  and  that  increased  itihibt- 
tion  of  wati»r  by  the  cell  is  not  the  criterion  of  edema,  M,  II.  FisruKU 
argues  that  tlu*  tissue*  spa<*tw  are  not  filled  with  air  but  by  colloid  tint' 
teria!  which  may  very  w(»H  contribute  to  the  edema  by  acid  swelling, 

Lui!AttHc*t!  nott*d  marked  swelling  of  the  tissue  in  hin  hintoittgi" 
eal  studies  but  determined  a  difference  in  kidney  edemas  due  to 
clamping  the  renal  artery  or  renal  vela.  The  changes  are  similar; 
those  produced  by  clamping  the  vein  are  reversible  but  those  due  to 
clumping  the  artery  are  irreversible  if  the  artery  is  elumfied  off  for 
three  hourx.  The  xcnsitivc  eelln  are  killed.  Thin  routnuiict* 
FIKCHKK'H  tlu»ory  which  requires  the  damage  to  In*  the  name  in  either 
ease.  Ktwr  ZIKULKH  mafic*  the  itnjMJrtanf  observation  t4iat  chlorifl 
metabolism  an  well  as  water  metabolism  play  nit  iwjxirtutit  jmrt  in 
edema.  Chlorid  and  water  n*tt*ntion  nltenmte  as  primary  factorni 
in  edema,  but  in  nil  caws,  there  an*  nutritive  disturbance*  whieh 
affect  chiefly  muscles  and  connective  tissue.  F,  TA^'HA*'  t*fferet! 
(*xix»rim(»ntul  verification  by  feeding  mice  excessive  amount  H  of  xodiiuu 
halts,  There  occurred  edema  about  the  heath  mvk  and  uttachment 
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of  front  limbs  mumbling  that  observed  in  human  nursling  when 
they  are  given  too  much  salt.  In  TA<'HAI*'S  exjierimcnts  it  Is  noUv 
worthy  that  there  wan  no  inerviwe  in  average  itmuunt  of  water  in  the 
animal  hut  the  edema  wan  tin1  expmwitm  of  iihfutrunil  tlistrilnttitm  of 
water.  These  observations  leiict  some  sup|K>rt  to  Kssciitttt's  theory. 
Fmc'HKB  observed  that  when  fibrin  unit  gebtin  swelled  up  they 
accumulated  salt  from  an  aeitl  table  salt  notation  ami  consequently, 
he  regarded  the  salt  retention  m  resulting  from  flit*  wlt'iim. 

When  we  wiiiHtiltT  tin*  controvi»rsy  eiiiit*eriiiiig  FwitKuV  throry  of 
edema,  it  is  evident  that  iw  vet  lie  ha^  ciflered  nti  i*,\|K*riin«*iit!ti  pnx>f 
for  his  hyi>oth*fcsis.  Exeept  in  11  few  H|H*rinI  itwtnntM^  his  ttppunentti 
have*  likewise*  failed  to  show  its  invalttlity  mm\  in  my  opitmtit,  their 
ex|>erhnentai  inetiunlrt  failtnl  to  pnidtire  a  Icnil  uccuiuulation  of 
acid  in  living  organs  us  retftiireii  by  KiHiJiKit's  tiwHiry.  Na  matter 
what  value  may  lx»  «»t  on  FisniKit's  tliiHiry  in  the  futun%  it  has  l«i«n 
of  enduring  w*rvict*  in  that  it  lias  f  ransft*rml  flit*  <*mpiuu<iH  in  tlt«»  study 
of  edema  from  the  circulation  to  tttt*  tissues;  it  is  ntit  hytirt»stntic 
difTereneen  in  preaHiin*  but  cht*micnl  (inmugt*  ti»  tht*  tinsut*  which 
occanions  cdoma.1 

InfiAmmttiion. 


Though  healthy  ci*H»  nr«*  ii!ijii*rfiii*iif»{«*  f<ir  l*Ii«iil  pln^itm,  it 
tmnue  perinifH  a  selective  of  plasma  elfiurtits. 

A.  OHWALD*  found  thut  tht*  frequency  of  M<«»d  in  the  fol- 

lowing order: 

Albumin  >  (Hohulin  (  Muglohulm  )  ;•*•  P8eudoglobulin  ;:•*  Fibriitogeiu 

This  ocu'uw  in  tin  order  invernely  tn  their  misceptibility  f*»  f^iiltiitu  out 
by  salts  and  to  the  vi«eowty  «f  the  various  solutioiiM:  tip*  l«-.^  viscous 
a  plasma  element  in,  the  nitirr  tltn^  it  throuuh  tin*  in<liun«*ii 

tittHue.    Albumin  idciiit*  itiny  l«»  ftiutnl  in  ms  r^tidnlr,  but  nev«»r  fibrin- 
ogen  without  tht*  Miiiiiltiitit'tiim    prt*8enee  of  iiibtifitsit  HIM  I 
In  the  aeutt*  nil  of  nn»  in  tin- 

whereat^  with  the  lujwi*  of  time,  fibrinutfcn  an*  I  then  Ktubttliti^  tlimini4t. 
The  nornuil  cell  iii«*iiil»riiiii*  t*vtiieittly  lH*hav«*H  Mkt*  tui  tfii|ferini'alM* 
ultrafilt(*ry  which         bt»riii!ie  mon*  j»i*riiit%*il»l*f  by  of  thr  in- 

flammatory pr0ci*s«,     We  <lo  not  kiuiw  flu*  which  thin 

atxmt.    (The  may  1^  "  t'Ctiipiinti'il  "  fret*r  tiiiTtiMon 

txK*auso  of  larger  diffunion  path?*,  or  they  may  t«*  iMort*  iftNjK*rw*iI  and 
aeeumulati*  mom  l4  witter  of  Hwc*tltnt{."  Kithrr  f«»iitlili«*ii  wutilil 
explain  wmio  of  tho  phonontMiu.  Tr,| 

1  [Tin*  ntcwt  rt*fiitit  nft  hi*  f|ii««*fitifi  liv  f»AH'ftKwr.  J.  lfi.:^t»i-ii«ji^  nn«! 

MARTIN  II,  FIATIIKH  ^  roianttti**!  in  tin*  «tf  tlir  Am-  <  V»u.  <*Wirtyf 

V«il  XI.,  N«.  5  CMiiy,  Ifili),    Tr.J 
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It  is  to  be  hoped  that  an  extension  of  the  viewpoint  of  M.  H. 
FISCHER,  together  with  that  of  A.  OSWALD  will  explain  the  problem 
of  inflammation,  which  has  been  so  long  kept  at  a  dead  center. 

We  thus  see  that  the  science  of  colloids  throws  new  light  on  the 
most  difficult  portions  of  pathology,  and  that  even  therapy  may 
gaze  with  hope  upon  the  young  science. 

Salt  Distribution. 

Just  as  the  water  content  of  a  normal  organ  is  relatively  constant 
and  may  undergo  reversible  changes  due  to  changes  in  the  condition 
of  the  organ  colloids,  this  is  also  true  in  the  case  of  the  salt  content. 

Unfortunately  the  basis  for  the  comprehensive  explanation  of 
these  questions  is  lacking  (bibliography,  see  ALBU-NETJBERG  *).  The 
values  that  have  been  obtained  cannot  be  used  for  comparison. 
Some  have  been  derived  from  healthy  and  some  (especially  the  de- 
terminations on  man)  from  sick  individuals;  moreover,  age  is  a  very 
important  factor.  In  the  first  place,  it  is  essential  to  determine 
accurately  the  limits  within  which  the  salt  content  in  the  separate 
organs  of  normal  individuals  may  vary.  We  know  that  muscle, 
liver,  blood  corpuscles  and  brain  are  rich  in  potassium  salts,  while 
in  the  blood  serum  and  spleen,  sodium  salts  predominate. 

In  man  the  muscles  contain  0.743  per  cent  of  NaCl,  the  lungs,  kid- 
neys and  skin  2.5  per  cent.  Sodium  chlorid  and  water  content  do  not 
run  parallel.  The  salt  content  varies  within  wide  limits  in  different 
species  of  animals.  For  instance,  there  is  present  in  the  ash  of 

Ox  blood 7 . 4  per  cent  K20 

Calf  blood 11.2  per  cent  K20 

Sheep  blood 7 . 1  per  cent  K20 

Pig  blood 20.4  per  cent  K20 

Chicken  blood 18.4  per  cent  K20. 

We  should  assume  from  our  colloid-chemical  knowledge,  that  a 
given  electrolyte  content  must  correspond  to  each  organ's  condition 
of  swelling,  though  as  yet  this  assumption  offers  but  little  towards 
elucidating  the  problem.  Pathological  retention  of  common  salt  in 
edema,  see  page  232,  invites  experimental  study  of  the  question. 

What  has  been  said  of  animals  is  also  true  of  plants.  But  here, 
too,  the  salt  content  varies  greatly  with  organ  and  sex,  and  we  have 
no  basis  for  its  true  significance.  For  instance,  it  is  merely  neces- 
sary to  mention  that  the  ash  of  wheat  flour  contains  0.76  per  cent 
Na20,  whereas  that  of  buckwheat  flour  has  5.87  per  cent  Na20. 

The  distribution  of  salts  occurs  similar  to  that  of  water;  if  they  are 
artifically  introduced  into  the  organism,  they  are  stored  up  and  again 
released.  If  a  dog  received  an  intravenous  injection  of  table  salt, 
28-77  per  cent  of  the  saline  retained  by  the  body  accummulates  in 
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the  skin  (PADTBERG).  In  salt  starvation  the  skin  acts  conversely, 
suffering  60-90  per  cent  of  the  chlorid  loss.  [The  ancient  name  for 
eczema  was  "salt  rheum";  see  also  "Karell  Treatment/'  J.  G.  M. 
BULLOWA,  Amer.  Medicine,  June,  1918.  Tr.] 

For  animals,  an  intravenous  injection  of  potassium  salts  acts  as 
a  poison  (especially  for  cardiac  muscle  and  peripheral  vessels); 
thus,  according  to  HELD,  even  solutions  with  0.08  per  cent  KC1 
affect  frogs  and  rabbits.  By  way  of  the  intestinal  tract,  potassium 
salts  are  relatively  harmless.  HELD  *  showed  that  when  thus  in- 
troduced, the  K  was  stored  in  the  tissues  and  only  slowly  given  up 
to  the  blood.  Here  we  observe  the  same  phenomena  as  with  water, 
of  which  an  excess  is  also  taken  up  by  the  tissues. 

For  the  maintenance  of  the  osmotic  pressure,  a  definite  concen- 
tration of  any  crystalloid  suffices.  Observations  of  the  most  differ- 
ent kind  teach  us  that  exactly  that  electrolyte  which  is  normally  found, 
is  necessary  for  function  and  development.  If  in  a  suspension  of 
blood  corpuscles  the  NaCl  is  replaced  by  sugar,  hemolysis  becomes 
more  difficult,  even  though  the  osmotic  pressure  is  identical.  Ex- 
periments on  excised  hearts  prove  that  the  action  of  the  heart  is  re- 
tained much  longer  if  it  is  perfused  with  a  fluid  containing  a  proper 
quantity  of  K,  Ca,  Mg,  PCX,  than  if  only  physiological  salt  solution 
is  used.  Na,  K,  Mg  and  Ca  salts  are  individually  poisonous  for 
plants,  but  mixed  in  the  proper  proportions  they  are  absolutely 
necessary.  In  Chapter  XXII,  there  are  further  examples. 

Evidently  the  condition  of  swelling  required  for  normal  function 
is  afforded  by  a  proper  balance  in  the  mixture  of  electrolytes. 

A.  B .  MACALLUM1  investigated  microchemically  the  distribution  of  K, 
Fe,  Ca,  Cl  and  P04  in  many  animal  and  plant  cells,  and  from  his  investi- 
gation made  deductions  concerning  their  functional  significance,  to  which 
we  shall  again  return  (see  p.  292) .  TH.  WEEVERS  has  elaborated  them 
with  far  reaching  studies  of  the  distribution  of  potassium  in  plant  cells. 

[W.  BUERIDGE,  Quarterly  Journal  of  Medicine,  10,  No.  39,  p.  172, 
aptly  remarks  that  analyses  of  the  blood  ash  give  little  information  con- 
cerning the  balance  of  its  salts  by  reason  of  the  fact  that  the  propor- 
tions of  them  which  are  in  "  sorption  "  or  in  solution  may  vary.  Tr.] 


1  A.  B.  MACALLUM  proceeds  in  part  from  the  fact  that  inorganic  salts  increase 
the  surface  tension  of  an  aqueous  solution,  and  as  a  result  the  surface  contains  a 
more  dilute  solution.  Conversely  the  author  concludes  that  the  surface  tension 
is  diminished  at  the  points  of  the  cells  which  are  approached  by  the  salts  in 
question.  We  cannot  agree  with  this  conclusion  at  present,  because  not  only 
mechanical  but  chemical  influences  may  determine  the  adsorption  of  salts.  For 
instance,  L.  MICHAELIS  and  P.  RONA  (as  the  author  has  mentioned)  demonstrated 
that  certain  kinds  of  sugar  have  no  influence  on  the  surface  tension  and  yet  may 
be  adsorbed. 
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There  are,  moreover,  the  interesting  observations  of  P.  HONA  and 
I).  TAKAHASHI,*  HOLUNUHH*  and  K.  FRANK*  concerning  the  dis- 
tribution of  .wf/ar  between  l>lood  corpuscles  and  plasma. 

If  we  go  further  and  observe  the  distribution  of  the  other  ele- 
ments of  the  organism,  the  albumins,  nueleins,  elastin,  the  lipoids, 
etc.,  \ve  approach  the*  greatest  problems  of  anatomy  and  histology 
and  set  out  upon  a  boundless  and  uncharted  sea.  Possibly  we  shall 
learn  more  of  these  things  in  the  not  too  distant  future. 

The  Circulation  of  Material. 

Both  the  plant  and  the  animal  organism  are  surrounded  by  mem- 
branes or  pellicles,  which  separate  them  from  the  outer  world.  These 
membranes  arc  more  or  less  permeable  (o  water  and  crystalloids,  but 
normally,  they  are  impermeable  to  colloids.  Even  though  this  last 
fact  were  not  experimentally  demonstrated,  we  should  assume  it  a 
priori,  because  if  the  dissolved  colloids  could  leave  the  organism,  the 
loss  of  material  would  mean  death.  To  demonstrate  the  correct- 
ness of  our  conclusion,  we  need  but  mention  n  pathological  con- 
dition, (tll)uminurin.  In  tins  condition  the  kidney  becomes  permeable 
for  serum-albumin,  and  it  is  one  of  the  physician's  most  important 
duties  to  compensate  for  the  continuous  IOHH  of  substance  by  proper 
dieting,  so  that  no  impoverishment  of  the  tissues  us  regards  al- 
bumin occurs. 

Within  the*  organism  also,  there  an*  many  such  partitions;  they 
serve  to  organize  activity,  to  guide  the  food  along  certain  paths 
(arteries,  veins,  vascular  bundles  of  plants)  and  to  collect  secretions 
(urinary  bladder,  gall  bladder). 

The  substances  necessary  to  support  life  must  accordingly  enter 
the  organism  as  gcuwn  or  cryNtulluuh,  In  the  cane  of  pttintx,  (X)a 
enters  through  the  leaves;  other  foodstuffs,  water  and  most  of  the 
inorganic?  salts  (nitrates,  phosphates,  jxitasshun  and  lime  salts, 
etc.),  enter  through  the  roots.  These  suhstanecs  are  at  the  outset 
very  diffusible  and  need  tin  preparation.  It  is  otherwise  in  the  cane 
of  animals,  which  require  outside  of  water  hut  few  crystalloids 
(sugar,  salts)  and  are  chiefly  sustained  by  colloids  ( vegetables  and 
meat).  In  order  to  enter  the  organism  at  all,  these  substances 
must  first  be  changed  to  a  crystaHoidal  condition.  Thin  is  accom- 
plished by  enzymes;  the  diastafic  ferments  split  starches;  pepsin 
and  trypsin  split  protein;  and  herbivora*  have  ferments  which  an* 
able  to  change  -even  cellulose  into  a  cryatallotdal  condition,  etc. 

In  like  manner  only  gases  or  crystalloids  can  leave  the  organism 
(expired  (X)2|  urine,  perspiration).1 

1  KIT***,  etc,,  <!o  not,  utrictly  «jwaki»K,  l«*av«»  the*  org?m»»t  utiy  mor»'  than 
diatom*  which  have  Iwn  mirnmmicd  hy  nit  amwtm  and  th««n  nutt  out  (lh<*y  an* 
cvueuatwi  from  a  tutx*  which  IHIMHOI  through  tlw  animal). 
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The  forces  which  accomplish  the  entrance  of  food  into  the  organ- 
ism and  keep  up  the  circulation  of  matter  are  in  part  purely  mechani- 
cal, as  performed  by  the  lungs,  the  heart,  the  peristalsis  of  the 
intestines,  etc.  In  addition  to  these,  there  are  forces  which  ac- 
complish chiefly  the  metabolism  of  the  cells;  the  most  important  of 
these  are  diffusion,  osmotic  pressure,  swelling  and  shrinking.1 

Circulation  of  Water. 

Until  a  few  years  ago  the  circulation  of  water  in  the  organism  was 
chiefly  attributed  to  osmosis.  The  vital  processes  constantly  produce 
from  the  colloids  osmotically  active  crystalloids,  which  both  retain  the 
water  formed  by  oxidation  and,  in  addition,  attract  water  into  the 
cells,  thus  maintaining  the  turgor  or  normal  tissue  tension.  This 
presupposes  that  an  almost  semipermeable  membrane  surrounds 
every  cell.  In  the  case  of  plants,  this  hypothesis  offers  certain 
difficulties,  and  in  the  case  of  animals,  it  is  impossible  to  maintain  it, 

We  shall  present  only  a  few  examples  which  show  that  osmotic 
conditions  alone  do  not  satisfactorily  explain  the  distribution  of 
water  in  animal  cells. 

Through  the  investigations  of  H.  J.  HAMBURGER,  H.  KOEPPE  and 
E.  OVERTON,  it  is  known  that  in  the  presence  of  alterations  of 
osmotic  pressure,  blood  corpuscles  and  muscles  change  their  volume 
to  much  less  an  extent  than  would  be  expected  of  cells  with  fluid 
contents  and  a  semi-permeable  membrane.  Blood  corpuscles  contain 
about  60  per  cent  water.  In  his  experiment  with  osmosis,  HAM- 
BURGER showed  that  only  from  40  to  50  per  cent  of  their  volume 
could  consist  of  an  aqueous  solution,  so  that  from  10  to  20  per  cent 
of  the  water  arises  in  some  other  way.  According  to  OVERTON  the 
same  thing  holds  for  frog's  muscle. 

Water  is  also  retained  by  swelling.  Swelling  and  shrinking  are  the 
most  powerful  factors  governing  the  circulation  of  water  in  the 
organism.  They  may  even  act  against  osmotic  pressure;  nor  are 
we  forced  to  explain  their  activity  by  any  hypothetical  membranes. 
Changes  in  the  reaction  of  the  cells,  especially  the  constantly  recog- 
nizable acid  production  during  vital  processes,  give  rise  to  the  condi- 
tions necessary  for  swelling  or  the  circulation  of  water.  With  the 
removal  of  the  acids  shrinking  must  occur  again. 

M.  H.  FISCHER  properly  calls  attention  to  the  fact  that  a  semi- 
permeable  membrane  permitting  the  entry  and  exit  of  water  from  the 

1  J.  TRAUBE*1  regards  the  "surface  pressure"  as  the  force  which  causes  the 
movement  of  matter  in  the  organism.  Since  there  exists  a  certain  parallelism 
between  the  ability  of  many  substances  to  lower  surface  tension  and  their  capacity 
to  penetrate  the  cells,  TRAUBE  disregards  the  osmotic  forces  and  lipoid  solubility. 
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cell  is  a  monstrosity,  for  how  does  it  explain  the  entry  of  f<M)d  ami  the 
exit  of  metabolic  products  (metabolites)  from  the  cell.  If  the  mem- 
brane Is  permeable  for  these,  the  osmotically  active*  crystalloids 
cannot  induce  transfer  of  water.  All  variations  in  volume  of  blood 
corpuscles,  spermatozoa,  plant  cells,  etc,,  produced  by  elee.trolytes 
and  attributed  to  osmotic  pressure  up  to  now,  are  just  an  well  ex- 
plained by  swelling  and  shrinking,  Gels  swell  up  in  water,  acids  and 
alkalies;  salts  on  the  other  hand,  hinder  swelling  and  cause*  shrinkages. 
Moreover,  new,  purely  physico-chemical  observations  Hkewine  warn 
us  to  employ  great  caution  in  our  consideration  of  osmotic  proeesHert 
in  the  organism.  Much  more  substance  may  be  dissolved  in  the  in- 
terior of  the  cell  than  in  its  .surrounding  fluid  without  the  osmotic 
pressure  making  this  evident.  We  saw  on  pages  \(\  and  47  that 
with  decrease  in  the  surrounding  osmotic  pressure,  the  onmotic 
pressure  in  a  cell  with  u  permeable  membrane  containing  colloid, 
falls,  although  if  reckoned  according  to  the  salt  content,  the  osmotic 
'pressure  should  have  increased.  These  findings  of  \\\  Hu/rz  and  A. 
VON  VKUKHACK*  necessitate  a  revision  of  all  former  conclusions 
derived  from  the  observation  of  onmoHW  in  celln. 

Circulation  of  Water  in  Animals* 

A  movement  of  water  results  when  conditions  arise  which  change 
the  relative  swelling  of  the  organs.  When  subjected  to  high  tem- 
perature or  after  violent  exercise,  etc.,  the  skin  loses  water,  the 
blood  loses  water  through  the  lungs,  which  causes  a  How  of  water 
from  the  other  organs.  Conversely,  an  excess  of  water  from  the  in- 
testines, or  in  the  case1  of  frogs  and  certain  other  animals  from  the 
skin,  is  transferred  to  other  organs  and  re-excreted  by  the  kidney*. 
Other  circumstances  may  arise,  however,  whieh  determine  the  cir- 
culation of  water:  concentration  of  acid  in  a  tissue  mert*ani*H  itn 
swelling  capacity,  attracting  water,  r.f/.,  in  venous  blood  or  an  rdt*ma» 
whereas  Himultaneous  Halt  formation  leads  to  a  .shrinking  or  loan  of 
water.1  In  circumstances  in  which  osmotic  pressure  may  become 
active,  OH  when  a  membrane  is  Interposed,  the  change  of  a  colloidal 
substance  into  a  crystalloid  under  the  influence  of  euxywes  may  effect 
a  transfer  of  water;  the  water  ilown  to  the  place*  where  the  u*motti* 
pressure  is  higher.  We  shall  return  to  the  details  of  thin  question 
when  we  consider  the  individual  organs. 

1  From  thin  it  rwiltH  that  th««  pnwwr  of  ntiluic!*  r<*Kulnt<v4  thi«  movwm<nt  of 
water  in  an  <*ntin*Iy  ciiftcrwit  and  ut  finite  in  a  ttifwflim  i»p|»tmitf<  to  that  of  th»* 
osmotic*  pmwtm*:  Aritl  -f-  Halt,  fw  a  result.  «f  th«*  hinhrr  osiuoitt*  |irt*'«nrt%  iititntlit 
inrxwwt*  tin*  amount  of  watrr  attract***!;  tn  t.h<*  nw  uf  cnihml  »true«turvH,  how- 
ever, tlicy  clccnnuM*  it,  «int:a  HaltH  aholinh  tti  a  grmtrr  or  tmt^at  tht»  twilling 
aotx<m  of  i 
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The  Movement  of  Water  in  Plants. 

The  evaporation  of  water  in  plants  proceeds  more  rapidly  than 
in  animals.  The  enormous  development  of  surface  in  the  shape  of 
leaves  and  needles  underlies  a  great  transpiration  which  requires 
replacement,  so  that  a  stream  of  water  moves  upward  through  the 
roots  and  vascular  bundles  to  the  leaves.  On  bright  summer  days 
(see  W.  PFEFFER*2  loc.  cit.  I,  p.  233)  1  to  10  gm.  water  are  evaporated 
from  1  cm.2  of  leaf  surface.  On  very  hot  days  the  loss  by  transpiration 
from  big  trees  exceeds  400  kilos;  on  rainy  days,  however,  it  may  be 
reduced  to  a  few  kilos.  To  explain  the  upward  movement  of  the 
water,  the  most  varied  theories  have  been  advanced,  and  usually 
abandoned.  Explanation  by  means  of  osmotic  pressure  has  proved 
thoroughly  unsatisfactory,  and  mere  capillary  imbibition  is  of  no 
greater  use.  We  may  well  understand  that  the  colloids  of  leaves 
suffer  a  loss  of  water  by  evaporation,  and  that,  in  swelling,  they  are 
able  to  lift  a  great  column  of  water  from  the  ground  to  the  tree  top. 
Experiments  of  E.  STRASSBURGER  showed  that  in  poisoned  trees, 
water  may  rise  to  a  height  of  22  meters,  so  that  pure  capillary  forces 
do  not  suffice  for  the  explanation  of  the  phenomena.  More  recent  ex- 
periments (P.  A.  ROSHARDT,*  E.  REINDERS*)  show  that  in  the  living 
plant,  living  elements  assist  in  pumping  up  the  water.  Since  no  pre- 
vious explanation  of  this  has  been  given,  I  believe  that  I  am  justified 
in  formulating  the  following  hypothesis.  In  my  opinion,  the  living 
cells  of  plants  assist  in  the  elevation  of  the  sap  by  their  respiration. 
With  respiration,  not  only  does  C02  develop,  but  also  great  quantities 
of  organic  acids.  Both  cause  a  swelling  or  attraction  of  water,  which 
is  liberated  to  the  extent  that  C02  disappears,  and  the  other  acids  are 
removed  in  any  one  of  the  many  possible  ways.  This  would  fit  in 
with  the  fact  that  the  breathing  in  fully  developed  leaves  and 
branches,  in  which  the  need  for  water  is  also  diminished,  is  less  than 
in  the  developing  shoots.  The  dead  leaf,  whose  breathing  has  ceased, 
withers. 

Circulation  of  Crystalloids. 

The  circulation  of  crystalloids  is  also  largely  governed  by  the  factors 
of  diffusion  and  osmotic  pressure,  with  certain  limitations  due  to 
the  colloid  media.  Although  between  two  aqueous  solutions,  sep- 
arated by  an  easily  permeable  membrane,  unrestricted  mixing  occurs 
as  a  result  of  diffusion,  this  does  not  hold  for  a  jelly-like  medium 
(see  H.  BECHHOLD  and  J.  ZiEGLER*1).  In  order  to  bring  about  a 
mixture  in  such  a  case  an  excess  of  osmotic  pressure  is  required 
(see  p.  57).  It  even  seems  that  with  equal  osmotic  pressure,  acid 
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and  alkaline  reacting  substances  may  lie  side*  by  .side  in  colloidal 
(amphoterie)  media  for  n  long  time  without  neutralising  each  other 
(II.  K.  LiKSK<JANf(j).  In  the  ease  of  phagocytes,  that  is,  in  living  cells, 
the  existence  of  acid  areas  in  alkaline  protoplasm  has  been  shown  by 
staining  with  neutral  red  (10.  MHTSCHNIKOFF).  We  thus  see  that  in 
different  portions  of  the  organism,  the  most  various  crystalloids  an* 
present,  and  may  functionate  specifically  without  being  accompanied 
by  any  exchange* or  mixture*;  this  only  occurs  when  a  crystalloid  sub- 
stance accumulates  and  becomes  osmotieally  active.  Swelling  and 
shrinking  may  also  be*  of  importance  for  the*  circulation  of  erystal- 
loids,  since*  dissolved  substances  are*  soakcel  up  with  I  ho  water  of 
swelling  or  are1  expressed  during  shrinking, 

If  these*  crystalloids  aro  at  the  same*  time  electrolytes,  they  may 
increase  or  diminish  the1  swelling  according  to  their  nature  (acid  or 
salt);  and  in  this  way,  either  aid  or  impcelc  the  cutrane*c  of  crystal- 
loids. 

Circulation  of  Colloids. 

('Omparenl  with  crystalloids,  the  osmotic  pressures  in  the*  oast*  of 
colloids  are*  oxtremoly  small.  To  be  sun*,  we*  know  (see*  p.  55 1  that 
proteins  may  diffuse*  through  gels,  HO  that  they  also  are  independ- 
ently motile.  Of  gtvat  significance  is  the*  dise*ov«ry  of  11,  Ist'eivKsro 
to  the  effect  that  colloid  diffusion  is  dependent  em  the*  electric  charge*. 
In  general,  however,  the  colloids,  as  opposed  to  the  crystalloids, 
furnish  tho  atnhlv  element  of  the*  organism, 

The  Influence  of  Membranes  Upon  the  Interchange  of  Substances. 

Tho  physieo-ehemie'at  conditions  for  the*  Interchange  of  substances 
through  cell  membranes  wan  fora  long  time  completely  ruled  by  tho 
theory  of  OVKRTON,  which  is  somewhat  as  follows;  Proteipltisiu  in 
Hurrotmeloel  by  a  fatty  lijwud  membrane;  an  oxchatitfo  of  suhstuuees 
can  only  omir  if  tho  given  substance*  is  soluble  in  sue*h  a  mcmhnino. 
OVKIMJN'H  theory  has  not  proven  universally  applicable;  it  is  ever 
becoming  better  recognised  that  tho  problem  will  probably  be  *olvcd 
when  we*  oojine*  to  look  entirely  to  the*  umntttic  mwlittttnx  and  /w//j» 
branvH  fe>r  the  factors  governing  the  interchange  of  substance.  Tho 
fact  that  both  eel!  content  and  cell  membrane  consist  of  <W/<m/.<* 
capable,  of  matting  must  be  taken  into  consideration. 

The*  earliest  fundamental  investigations  of  the*  physical  inter- 
change* of  matter  in  individual  colls  were  made  on  plant  cells.  I 
refer  particularly  to  the  iavostitfaUtms  of  W.  PFKI-FKH  mtd  If,  im 
VitiK«.  In  plants,  c»8iH*t*iully,  wo  find  that  tho  cell  content  in  very  fn- 
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quently  surrounded  by  a  visible  and  solid  membrane  which  is  usually 
regarded  as  semipermeable. 

The  basis  of  this  view  is:  if  such  a  cell  is  placed  in  hypertonic 
salt  solution,  the  protoplasm  retracts  from  the  cell  wall  and  water  is 
lost.  This  phenomena  is  called  plasmolysis.  If  the  cell  is  im- 
mersed in  pure  water,  the  protoplasm  swells  up  again.  The  phe- 
nomenon was  formerly  explained  by  saying  that  the  membrane  was 
impermeable  for  salts.1  In  a  hypertonic  salt  solution,  water  may  in- 
deed leave  the  cell  but  salt  cannot  enter;  in  pure  water  the  process 
is  reversed. 

Nowadays  discussion  is  focussed  on  the  nature  of  the  plasma 
pellicle  and  two  main  tendencies  may  be  recognized. 

Among  the  adherents  to  the  lipoid  theory  in  addition  to  E.  OVEKTON, 
is  VERNON,  who  considers  it  probable  that  the  lipoid  membrane 
penetrates  the  interior  of  the  cell.  J.  LOEB  and  R.  BEUTNER  in  view 
of  their  investigations  of  bio-electric  phenomena  may  be  regarded  as 
adherents  of  the  lipoid  theory.  Those  investigators  (J.  TRAUBE  and 
F.  CZAPEK)  who  regard  changes  in  surface  tension  as  the  means  of 
penetrating  surfaces  may  be  regarded  as  adherents  of  a  modified 
lipoid  membrane  theory.  They  arrive  at  this  conclusion  because 
their  experiments  have  been  chiefly  concerned  with  the  action  of 
lipoid  soluble  substances  on  the  cell. 

According  to  F.  CZAPEK  all  substances  whose  surface  tension  is 
less  than  0.68  (water/air  =  1)  are  toxic  for  the  higher  plant  cells  and 
CZAPEK'S  pupil  KISCH  determined  0.5  to  be  the  limit  of  toxic  surface 
tension  for  yeast  cells  and  fungi.  Since  lecithin  and  cholesterin,  that 
is,  the  lipoids  and  their  emulsions,  have  a  surface  tension  of  0.5, 
F.  CZAPEK  agrees  with  NATHANSON  and  regards  the  cell  membrane 
as  a  concentrated  fat-emulsion  which  is  permeable  for  either  fat  or  for 
water  soluble  substance  depending  on  the  conditions  of  surface  ten- 
sion. Similar  views  (loose  union  of  albumin  and  lipoid)  are  enter- 
tained by  W.  W.  LEPESCHKDST  with  the  difference  that  he  regards  the 
entire  protoplasm  as  such  an  emulsion  possessing  properties  in  the 
center  similar  to  those  on  the  surfaces. 

The  " emulsion  theory"  obtained  very  definite  support  from  the  fol- 
lowing observation  of  CLOWES  (see  p.  38).  He  prepared  an  oil-water 
emulsion  by  shaking  equal  quantities  of  water  and  olive  oil  and  suffi- 
cient n/10  NaOH  that  the  outer  phase  (the  water)  was  just  alkaline 
to  phenolphthalein.  If  he  now  added  a  small  excess  of  CaCk  solution 
the  emulsion  changed  into  a  water-oil  emulsion;  in  other  words, 
water  became  the  dispersed  phase  in  a  continuous  layer  of  oil.  We 

1  The  visible  cell  membrane  is  quite  permeable  for  most  crystalloids,  serving 
only  to  a  certain  extent  as  a  support  for  the  protoplasm. 
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observe  that  by  this  chemical  attack  the  layer  which  had  been  JHT- 
meable  for  hydrophile  substance  became  im{>ermeable  for  them  and 
was  made  permeable  for  substances  soluble  in  fat.  I  lowever,  we  know 
from  the  investigations  of  J.  LOKB  and  W.  J.  V.  OSTKRUOUT  (nee  p. 
378,  vt  m/.)  that  small  amounts  of  divalent  cations  detoxieate*  neutral 
salts  by  inhibiting,  according  to  the  view  of  J.  LOKH,  the  free  ex- 
change of  ions  through  the  plasma  pellicle,  ('U>WKH  extended  his 
observations  to  other  polyvalent  cations  and  the  quantitative  rela- 
tions are  in  excellent  agreement. 

The  other  tendency  is  to  assume  a.  pure  alhuminoun  membrane; 
W.  J.  V.  OBTKRHOUT  assumes  thin,  an  the  result  of  the  following 
remarkable  observation;  he  placed  spyrogyra  cells  in  common  Halt 
solution  of  Hucli  concentration  that  no  plasmolysis1  occurred;  when 
he  added  very  dilute  calcium  chloric!  solution  HO  as  to  depress  the 
osmotic  pressure,  plastnolysis  occurred.  The  plasma  pe*lliele  must 
have  been  |x*rnu»able  for  NaC'l  ant!  its  passage-  in  only  impeded  by 
the  CW-lj.  In  contrast  to  OVKUTON'H  view,  OHTKUHOUT  regardn  the* 
plasma  pellicle  an  permeable  for  most  ions  of  the1  light  metals  and 
consequently  it  must  be*  albuminous, 

The  action  of  the*  (Vion  pot-wibly  depends  em  its  antagemistie* 
action  (sew  p.  09)  though  it  may  be*  due*  to  a  variety  of  tannage  of 
the  plasma  pellicle.  With  the*  death  of  the*  cell,  the  pellicle  beeomen 
generally  ix>rmt*able. 

HUHLAND  also,  discards  the*  lipoicl  theory.  He  considers  only  the* 
thickne*ss  of  the  membrane  to  be*  reHponnible  for  permeability  ur 
impermeability;  the  membrane  acts  like*  an  ultmftltrr  in  the*  nenne  of 
BKCHIIOLD.  lie*  Htudicnl  a  large*  number  of  dye»s,  f»nxyme»8l  alkale>ids 
and  other  HubntaneeH  wliicli  oceuir  in  plants  anel  found  that  their 
ability  to  jM*ne*t-rate  the*  plasma  cells  was  in  proportion  to  their  ability 
to  spread  out  In  thie*k  jellien;  in  other  we>rels,  it  tli»jM*nded  (»n  the*ir 
particle  sisse*  (w»e*  p.  56). 

In  view  of  the*  knenvn  facts  we*  munt  admit  that  at  prenenf.  we  e-nn 
arrive  at  no  conclusion  concerning  the  nature  and  structure*  of  the* 
plasma  pellicle.  Of  one  thing  we  run  t>e  certain,  that  OVHUTON'M 
original  theory  of  a  e'.ewtinuews  Hpenel  membrane  must  l»e  abandoned, 
I  am  of  the*  opinion,  henvevert  that  it  is  poHHtble  te>  e'emciliate*  the 
theories  whi(kli  have*  be»en  e»lucielate»d  here  and  which  se*e*m  to  be 
mutually  e»xe'Iusiv(*. 

In  the  first  place,  the  asHumption  of  a  |w*llie*le»  of  einulHifted  fat  doe.s 


tnit   (iihtingutHhi*ii  iM*twrt*tt   triw  mttl  fulw  |>Inwtutily«if<.     Tht-  luth- 
occur  in  dilute  HolulinnM  i*vi*n  in  pur*'  wittt-r  m«wt  ttMtally  in  iimrim*  jilnni; 
It  in  probably  tluo  tc>  thi*  <!<>n|(utntiou  of  fhi*  protopluMiit  fnnu  th«*.  p«*ii<'trution 

th«  water. 


242  i'ULWllx*  L\*   tiluUHiV    ,LVD 


not-  exclude  Kt'iu*ANi>'s  ultraiitter  theory.  If  we  have  an  emulsion 
in  which  the  li|x»id  in  the  disjH'rsed  phase  we  him*  an  ultra  filter  which 
is  permeable  for  water  .soluble  substances  and  iiti|M*rtneal»le  fur  lipuid 
soluble  substances.  Ill**  si/**  of  tin*  pores  of  tht*  ultra  filter  dejtrtids 
on  the  relation  of  tin*  lijnml  to  thoatjueous  phase,  If  the  amount  of 
lipoid  is  small*  the  jn>n»s  of  the  ultra  filter  art*  large  and  vice  vrrsa. 
When  thtk  Hjuml  content  is  Itirgt*  \v«*  havi*  it  narrow  fiiirnl  ultra  filter 
which  absolutely  satisfies  tin*  con«litt<ins  found  hy  l!rnt*,i\ii  in  his 
tlyt»  investigations  Further,  we  tutvr  HI*H$  from  t  *t.i  »\VKH*  <*\|H*riuu*nta 
tluit  an  oil  water  oinulsttiti  is  rasily  rt!iiiig«*tl  In  a  wat»*r  oil  t*tnulsiottt 
and  in  that  t*ns<»  flu*  layt*r  in  <i|n*it  for  fat  suluttti*  suhstanc*i»?4  aitti  rimed 
for  water  soluble  substanr.es  In  my  opinion  sueli  si  layer  satisfies 
all  the  conditions  demanded  by  tht1  various  investigators. 

I  wish,  however,  to  emphasi/t*  that  flit4!***  is  ut>  jtiHttiieatuMi  fc»r  too 
wide  a  g(Mteraii/,ation.  for  ditlVreiit  ei*Hs  iirluive  vt*ry 
Observations  on  plant  cells  cannot  f«*  applied  without 
to  animal  cells;  a  cell  in  a  plant  r«*ot  caun«»t  In*  compared  to  nerve 
ct»lls  which  arc  surrounded  by  a  dense  UttlatiitK  layer  of  fat.  It  smiis 
possible  to  conclude  from  It,  H«»HKit*M  iin«i  Mt'iti*.\.\i>*H  r\|H'rimi*nt.s 
on  the  pent1!  rat  ion  of  dyrs  into  cetln  that  th«*  nitiiiiid  n*lls  iviiirli  they 
Htutlic*tl  contain  Inrger  p«m*s  than  tht*  plant  ivlln, 

Lc»t  us  ct>nsidt*r  the  simplest  instnnri*,  ttm*  sii  which  tip*  rt4l  prtito- 
plasm  in  a  ctilloid  capable  of  swellitig,  \\\\\\  surfaces  Itmitrd  by  it 
pellicle  which  can  also  swell  nnd  o(Tt*rtiiic  certain  i*xtt»rit»r 
Any  injury  to  this  pe!li«»lf»  will  |M»  ri*pairt*d  ttf  its  o\vn  urcnrd 
likt1  rubl»er.  We  ran  ttms  (pp.  2H4  2Hfi!  rt*ntlily  iiiidi*i^liiiid  htw* 
timwlw  or  /i/iiif|^f|/lr,¥  8<*titt  out  prntoplusmal  prult»fmiitititts»  t*uvt»lttp 
forcngn  bodies  or  bsicterin  and  iiit'iirfMiriilr  llit*m  without  llirir  margin 
!*eing  b-roken,  AH  «  unit  tor  of  fnrt,  if  imiiinliittrty  frpitir  ttm*lf 

junt  an  dtK*s  an  oily  film  on  wati»r  l.trtikrti  by  a  Htow,  Lrf  tin  i%*r  hnw 
this  vicnv  iigreen  with  formtT  tht'oru'S,  iiml  to  rxtt*iil  this  vit*w  IH 

an  iinpmv(*mt*nt  tipnti  tln*m, 

To  begin  with,  it  must  be  iinteil  tlmt  <  h4t>;urtt.\  tltut  n  mil*- 

ntiuice  is  taken  up  by  the  pla*mu  |H»lltrli'  in  in*rtirdiitiri*  with  it** 
coeflicient  of  solubility,  in  ftgrwitiHtt  with  tin*  «/ 

(Hfr:Nitv*H  tlintrihntitut).  This  tuny  be  tin*  fuel  i«t  many  cji^en,  uiily  wr 
nniHt  recall  that  adstirption  ftitfilln  sttuilar  ctftttlittotts  fur  tht* 
of  it  Hubfttimee  through  the  plii^imi  p«4licli*  intn  Ilii*  iuti*ritir  of  tin* 
cell  The  only  nmtlttiou  which  iit'i'tl  be  n^umrd  in  onlrr  tlmt  u 
Hulmtance  nrny  enter  the  intt*rior  «f  a  cell  from  uttt**i<ii\  i.s  that  tht*rr 
nliull  be  it  rrtrmWr  /i/iwr/i/imt  by  fin*  piiwitm  film.  What  curve  of 
diHtrihutJon  this  follown,  in  imiitiitrriid  for  the  pnwut.  That,  JIH  a 
matter  of  fact,  in  numercntH  WHOH  an  nttMtiroiion  errfitifih*  th***  i*seiMf. 
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but  not  a  distribution  according  to  HKNKY'S  law,  has  been  determined 
by  H.  BECHIIOLD  in  the  action  of  disinfectants  (see  p.  ,'W9),  and 
STRAtiB-PHKUNDurn  on  the  distribution  of  voratrin  between  heart 
muscle  and  pericardia!  blood.  (!,  LOIOWK  has  shown  by  simple 
physico-chemical  oxjx*rimonts  thai  lipoids  adsorb  dyes,  narcotics, 
nicotin  and  tetanus  toxin.  The  substance  interchange*  in  animal  cells 
has  been  studied  most  thoroughly  in  the  case  of  red  bfawl  carpnxclt't*. 
In  my  opinion  (see  p.  304)  the  latter  have  a  very  peculiar  st rue- 
tun*,  conditioned  by  their  special  function;  their  lipoid  pellicle 
is  quite  strong.  In  spite  of  this,  we  shall  find  phenomena  tit 
the  ease  of  the  erythrocytes  which  cannot-  he  brought  into  accord 
with  the  idea  of  a  salt  solution  surrounded  by  a  scmipcnneahle 
membrane. 

The  theory  of  osmotic  pressure  demands  that  various  isotonie  salt, 
solutions  shall  have*  equal  influence  upon  the  volume  of  the  blood 
corpuscles.  S.  (!.  HnmN*1  showed,  however,  that  this  is  not  the 
case,  for  instance,  in  isotonie  solutions  of  XaC  "1  and  KN<  );t;  in  the  ease 
of  lower  concentrations,  the  volume  is  smaller;  in  the  case  of  higher 
concentrations  it  is  larger  than  with  the  corresponding  NaC'l  .solu- 
tion; we  must  recall  that  the  NOa  ion  favors  swelling  or  the  do- 
floceulation  of  colloids  and  lecithin;  if  the  outer  pressure  is  low, 
crystalloids  leave  the  blood  corpuscles,  and  the*  osmotic  pressure,  and 
consequently  the*  volume  of  the  corpuscles,  will  In*  less  than  with  the 
eorres|H>ndmg  NaCI  solution.  The  reverse  occurs  if  the  outer  solu- 
tion is  hypertonie. 

We  find  in  the  literature,  related  references  to  the  permeability 
of  the  cell  membrane,  especially  of  plants,  for  /nttnuttinin  nitmic.  li 
VAN  ItYHHKUiKituiiK*  tuiH  demonstrated  the  entrance  of  dipheuylamin 
into  trodoHcantia  cells.  If  fungi,  such  as  aspergilluH  nigor  or  pemril- 
lium  glaucum,  are  grown  ujnm  a  (Concentrated  solution  of  saltpeter, 
they  will  lake  up  HO  much  of  the  electrolyte  that  in  the  end  they  will 
have  an  osmotic  preasure  of  200  atmospheres.  Such  cultures  actually 
explode  when  placed  in  pure*  water, 

The  ability  to  take  up  such  substances  as  favor  swelling  in  much 
greater  in  the  ease  of  young  cells  with  membranes  that  can  swell 
than  in  the  ease  of  old  inelastic  colls.  Ou  this  account,  mi  older 
a«i>ergillus  cell  may  plusmolyxe  with  a  20  per  cent  NuN<)a  solu- 
tion which  possesses  an  osmotic  pressure  of  only  102  atmospheres. 
In  this  difference*  between  old  and  young  cell  membranes,  may  lie  a 
partial  explanation  why  bacteria  and  fungus  cultures,  namely  cirgan- 
isms  which  multiply  rapidly,  readily  whipi  themselves  to  changed 
conditions.  Young  and  old  cells  differ  in  their  turgidity. 

It.  HOHKU**  prepannl  HUH|H*iiHicniH  of  blocKj  corptiMclitH  iu  dilute 
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tion  for  several  hours  and  the  dilution  is  then  undertaken,  the 
hemolysLs  will  occur  only  when  the  cane  sugar  concentration  reaches 
2  per  cent.  Sufficient  time  has  thus  been  given  for  suits  to  leave* 
the  blood  corpuscles  and  enter  the  cane  sugar  as  was  shown  by  A. 

GURU  Bit. 

Experiments  of  JAQUES  Lown*4  upon  the  iwrthrntHU'nt'sis  of  »vm 
urchin's  eggs  an*  in  accord  with  this.  If  the*  eggs  are  placed  for  a 
short  time  in  hypertonie  salt  solution  and  then  returned  to  sea 
water  (which  corresponds  with  their  normal  osmotic  pressure)  seg- 
mentation takes  place.  JL  Low**4  found  that  a  cane  sugar  solution 
acts  like  a  hi/petionie  salt  solution  even  if,  an  regards  concentration, 
it  be  itiotonic  with  the  eggs.  J.  LOKH  explains  the  action  by  saying 
that  the  egg  pellicle  is  permeable  for  sugar  and  salts,  and  that  the 
salts  diffuse  out  more*  rapidly  than  the  cane  sugar  diffuses  in,  so  that 
the  outer  fluid  becomes  hypertonie.  We  must,  moreover,  recall  that 
substances  exist  which  to  a  certain  extent  close  the  pathways  auto- 
matically, as  for  instance  the  S(>4  ion,  whereas  others,  especially  urea, 
open  a  passage1,  not  only  for  themselves  but  for  other  substances 
(sec  p.  55).  The  permeability  of  red  blood  corpuscles  and  muscles 
for  urea  is  then  no  longer  surprising,  any  more  than  the  changes  in 
permeability  (observed  by  M.  Ku'iu*  and  H.  MKriu»;u*.)  in  the 
plasma  pellicle  of  plants  under  the  influence  of  certain  salts. 

This  may  he  accomplished  not  only  by  chemical  agencies,  but 
purely  physical  factors  may  have*  an  influence.  It  might  be  ex- 
pected a  priori  from  change  in  temperature;  the  influence  of  tight  in 
surprising,  as  experiments  of  W.  W.  LKI»KH<'HKIN  and  by  A.  Tuoxm.K 
have  shown.  The  hitter's  experiments  indicate  thai  plant  cells 
(foliage)  are  more  permeable,  not  only  for  Nad  but  even  for  glucose, 
in  a  bright  light  than  in  the  dark. 

One*  of  the  most  remarkable  and  still  unexplained  phenomena  is 
that  when  death  occurs,  the  permeability  of  the  cell  membrane 
changes  into  that  of  an  ordinary  membrane  which  retains  only  col- 
loids. 

Assimilation  and  Dissimilation, 

After  a  crystalloid  foodstuff  has  entered  the  organism,  it  in  flu* 
organism's  most  important  task  to  retain  it  for  uw;  this  is  iir* 

eomplished  by  changing  it  into  a  colloid,  inasmuch  an  complicated 
combinations  arc*  formed  from  more*  or  less  simply  constructed  cr\"H>» 
talloids.  From  the  OO2f  which  enters  the  leaf,  starch  in  formed 
under  the  influence  of  ehlorophyl  granules  and  daylight ;  mul  fn»m 
nitrates  which  have  entered  through  the  roofs,  with  the  ns-ststatier 
of  carbohydrates,  proteins  develop.  In  the  animal  organism,  the* 
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pp.  283  to  286),  which,  in  spite  of  their  considerable  diameter,  change 
their  shape  so  that  they  pass  through  the  finest  vessel  walls.  If  to  the 
leucocytes  is  to  be  attributed  a  share  in  the  resorption  of  fat,  they 
must  journey  into  the  intestines  and  return  laden  with  fat.  It  has 
not  been  possible  as  yet  to  decide  microchemically  whether  fat  passes 
the  intestinal  epithelium  unchanged.  [In  the  presence  of  protective 
colloids,  colloidal  gold  will  pass  through  Pukall  filters  which  other- 
wise hold  them  back.  ZSIGMONDY-ALEXANDER,  Colloids  and  the 
Ultramicroscope,  p.  153,  et  seq.  Tr.] 

One  fact,  at  least  to  me,  seems  very  much  to  favor  the  idea  that 
fat  may  be  resorbed  unchanged  from  the  intestines,  namely,  linseed 
oil,  sesame  oil,  cottonseed  oil,  etc.,  may  occur  unchanged  in  the 
milk,  and  foreign  fats  (rapeseed  oil)  may  be  deposited  in  the  body. 
Absorption  occurs  almost  exclusively  in  the  small  intestines  (NAKA- 
SHIMA).  Within  the  intestinal  wall,  neutral  fat  may  be  synthesized 
from  the  absorbed  fatty  acid  alkali  and  glycerin,  so  that  neutral 
fat  is  carried  to  the  body  in  very  fine  emulsion  through  the  chyle 
ducts,  and  in  fact  fat  may  enter  the  blood  stream  directly. 

The  milky  turbid  lymph  collects  in  the  thoracic  duct  and  empties 
into  the  subclavian  vein.  It  is  especially  easy  after  the  ingestion  of 
fat  to  recognize  ultramicroscopically,  in  the  blood,  numerous  gran- 
ules (hemoconia),  which  may  be  considered  fat  droplets  (A.  NEU- 
MANN,* K.  REICHER*). 

It  is  possible,  therefore,  to  follow  visually  the  path  of  fat  by  means 
of  dark  field  illumination.  S.  BONDI  and  A.  NEUMANN*  experimented 
as  follows :  at  times,  they  caused  hemoconia  to  appear  in  the  blood 
by  a  liberal  fat  diet,  and  at  others  they  injected  a  very  fine  emulsion 
of  fat  into  the  veins.  Large  fat  droplets  suspended  in  blood  are  evi- 
dently unable  to  change  their  form,  and  as  a  result  cause  emboli  in 
the  lungs,  which  may  prove  fatal.  These  investigators  experimented 
thus  with  emulsions  of  lanolin,  cholesterin,  lecithin,  butter  and 
olive  oil,  whose  particles  were  only  recognizable  in  the  dark  field. 
They  dissolved  the  fat  they  were  using  in  alcohol  and  poured  the 
alcoholic  solution  slowly  into  water  with  constant  stirring.  The 
alcohol  was  removed  from  the  filtrate  of  this  emulsion  by  gently 
warming  it  on  a  water  bath. 

S.  BONDI  and  A.  NEUMANN  then  established  that  the  fat  droplets 
were  not  dissolved  by  lipolytic  ferments  during  their  sojourn  in  the 
blood.1  They  are  emulsified  by  the  venous  blood  in  the  right  heart, 
and  after  they  have  passed  the  capillaries  of  the  lesser  circulation, 
they  enter  those  of  the  greater  circulation.  Their  goal,  like  that  of 

1  In  my  opinion  such  emulsions  of  uniform  particle  size  could  serve  in  measur- 
ing the  exact  dimensions  of  the  smallest  capillaries  under  normal  conditions. 
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1.  Formation  of  cellulose  hydrogel  in  the  youngest  plant  tissues 
as  a  chemically  indifferent  surface  or  framework.    This  primary 
stage  will  be  explained  more  fully. 

2.  The  colloidal  constituents  of  cambial  juice  become  layered  upon 
the  cellulose  surface  by  adsorption  and  gel-formation,  and  thus  in- 
crease the  thickness  of  the  surfaces. 

3.  Chemical  reactions  occur  between  the  adsorbed  hydrogels  which 
lead  to  lignin  formation. 

The  following  facts  indicate  the  truth  of  these  assumptions: 

(a)  Colloidal  constituents  can  be  extracted  by  adsorption  from  the 
cambial  juice. 

(6)  The  colloids  adsorbable  from  the  cambial  juice  and  the  run- 
ning sap  are  indicative  of  their  lignin  content,  which  means  their 
wood-forming  properties. 

(c)  The  quantity  of  adsorbable  colloidal  constituents  in  the  cambial 
juice  varies  with  the  season  of  the  year  —  (shown  in  the  annular 
rings  as  early  summer  and  late  summer  wood). 

Certain  trees  give  such  large  quantities  of  spring  sap  on  tapping, 
that  it  is  easy  at  times  to  collect  a  liter  or  more  in  a  day.  In  North 
America  the  sugar  maple  has  this  property.  In  Norway,  Sweden 
and  Russia  people  drink  the  sap  of  the  birch  either  fresh  or  fermented. 
The  trees  are  bored  about  10  cm.  deep,  30  to  40  cm.  above  the  ground 
and  a  glas?s  tube  is  inserted  and  sealed  in  with  tree-wax.  The  sap 
drops  through  the  bent  tube  into  a  bottle. 

To  obtain  the  cambial  sap,  trunks  of  birch,  pine  and  gray  ash  are 
sawed  into  pieces,  15  to  20  cm.  long.  The  bark  from  7  to  15  kilos 
of  this  is  taken  and  then  split  vertically.  The  smooth  inner  layer 
of  the  bark  and  the  outer  cambial  mass  of  the  smooth  surface  of 
wood  are  well  shaved  off  with  glass.  The  shavings  are  placed  in 
from  1  to  2  liters  of  water  and  allowed  to  remain  several  hours,  a  few 
drops  of  thymol  solution  being  added.  The  water  is  poured  off,  the 
residue  squeezed  in  a  fruit  press  and  the  combined  turbid  fluids  are 
filtered. 

The  adsorption  experiments  were  performed  partly  by  shaking 
with  finely  divided  cellulose  (filter  paper)  and  partly  by  siphoning 
through  "washed  clay."  (See  p.  110.)  In  both  cases  the  quantity 
of  material  adsorbed  was  estimated  by  determining  the  weight  of 
the  dried  residue  of  (a)  a  measured  quantity  of  fluid  before  adsorp- 
tion, (6)  the  same  volume  after  adsorption. 

H.  WISLICENUS  was  able  to  prove  in  the  case  of  the  rising  sap 
obtained  by  tapping  the  hornbeam  and  in  the  cambial  juice  of  the 
birch,  that  the  abstraction  of  colloidal  substances  followed  an  adsorp- 
tion curve,  because  the  more  dilute  the  solutions  the  more  colloids/ 
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pendent  upon  the  format-ion  and  removal  of  acids  by  oxidative  proc- 
esses. The  concentration  of  the*  products  of  a  reaction  in  the  solution 
brings  the  reaction  to  a  standstill.  If  we  an*  dealing  with  cleavages 
the  crystalloid  products  may  he  readily  removed  by  diffusion.  This 
does  not  occur  in  the-  cast1  of  synthetic  colloid  products.  Nor  is  it 
so  essential  because4  from  the  point  of  view  of  the  law  of  mass  action 
they  are  not  to  be  regarded  as  dissolved. 

We*  know  enzymes  to  be  the  excreta  of  the  stomach  and  intestines, 
but  we  also  know  that,  cells  themselves  contain  enzymes;  we*  may 
mention  the*  uricolytic  enzyme  of  the  liver  and  ssymaso  of  yeast 
which/  ferments  sugar. 

We  must  also  recall  that  enzymes  arc*  the  most  strongly  adsorbed 
of  all  the  colloids  of  the  body,  and  that  the  ability  to  be  adsorbed  is 
largely  dependent  on  the  acid  or  alkaline  character  of  the  medium. 
An  enzyme  may  be  HO  fixed  (e.g.,  rennet  by  charcoal)  that  its  very 
existence  is  no  longer  dotorminable;  a  change*  of  reaction  recalls  it 
to  life.  It  may  also  be  released  by  the  approach  of  another  colloid 
(in  our  example  casein)  by  which  it  is  adsorbed  still  more  strongly. 
We  thus  get  an  inkling  of  the  great  importance*  enssymcs  have  for  the 
life;  of  the  cell,  without  an  yet  understanding  the  details. 

The*  conditions  governing  ttimimilation  are*  much  more*  readily  un- 
derstood. Through  enzymatic  cleavage*  of  colloids,  then*  are*  formed 
crystalloid  products  which  pans  into  the  circulating  fluids  of  the*  or- 
ganism by  diffusion  and  leave  as  excreta,  or,  after  oxidation  to  C()a, 
are*  expired. 

We  must  not  conclude*  that  in  every  instance  the*  entire,  colloid 
molecule  breaks  down  into  crystalloid  cleavage  products,  fa  this 
way,  by  the  splitting  e»fi*  of  individual  "side  chains"  (P.  I0wtu<!ii) 
there  is  pe*rmitte»el  great  variation  in  cell  life,  which  wo  might  assume 
from  our  previous  expeneneH*H, 
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"After  all,  I  believe  I  may  make  the  assertion  that  the  creation 
of  these  pictures  is  due  to  a  new  and  hitherto  unrecognized 
force.  It  has  nothing  in  common  with  magnetism,  electricity 
or  galvanism.  It  is  not  stimulated  or  created  by  any  external 
force  but  is  innate  in  substances  and  becomes  active  when  their 
chemical  affinities  neutralize  themselves;  that  is,  they  undergo 
selective  attractions  or  repulsions,  and  thus  combine  or  sepa- 
rate. I  call  this  force  '  Formative  Instinct '  and  regard  it  as 
the  prototype  of  the  '  vital  force '  of  plants  and  animals. " 

Of  course,  no  special  "Force"  need  be  invoked  for  the  explanation 
of  RUNGE'S  pictures.  They  are  the  result  of  very  complicated 
diffusion  and  capillary  phenomena  associated  with  chemical  trans- 
formations. 

What  is  especially  interesting  in  RUNGE'S  pictures,  on  the  one 
hand,  is  the  constancy  of  the  forms  obtained  by  employing  similar 
substances,  and  on  the  other  hand,  the  extraordinary  multiplicity 
brought  about  by  the  diverse  action  of  different  substances. 

If  we  let  a  drop  of  copper  sulphate  solution  fall  on  a  piece  of 
filter  paper  moistened  with  potassium  hydrate,  at  the  surfaces  of 
contact  a  membrane  of  copper  hydroxid  forms,  which  changes 
rapidly  but  always  in  the  same  way.  If  we  always  employ  the  potas- 
sium hydrate  and  copper  sulphate  in  the  same  concentration,  the 
copper  hydroxid  boundary  will  always  have  the  identical  form, 
provided  the  same  filter  paper  is  used.  A  change  in  the  concen- 
tration of  one  or  the  other  ingredients,  however,  gives  a  membrane 
of  different  shape.  If,  instead  of  copper  sulphate,  we  place  a  drop 
of  copper  nitrate  on  the  paper,  we  obtain  forms  entirely  different, 
and  a  drop  of  nickel  sulphate  changes  the  picture  completely.  We 
thus  see  that  small  variations  in  the  concentration  of  the  solutions 
and  in  their  chemical  composition  possess  numerous  possibilities 
for  the  formation  of  new  shapes. 

In  the  living  organism  variations  in  concentration  perpetually  occur. 
We  know  from  biological  reactions  that  not  only  different  animals, 
as,  for  instance,  sheep  and  lions,  have  chemically  different  tissues,  but 
that  evenfthe  ass  and  the  horse,  and  indeed  different  races  of  men, 
may  be  chemically  differentiated;  consequently  the  second  condition 
for  variation  in  form  is  also  given,  namely,  the  difference  in  chemical 
composition.  The  processes  of  the  body  (organism)  are  regulated  by 
its  colloidal  state,  and  this  very  colloidal  state  also  permits  the  reten- 
tion of  shapes. 

If  we  seek  to  leave  this  far  too  general  point  of  view  and  study 
details  of  the  question  more  closely,  we  encounter  almost  insur- 
mountable difficulties. 

If  a  small  lump  of  copper  sulphate  is  thrown  into  a  dilute  solution 
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of  iK>tassium  ferroeyanid,  there  will  SIHM  develop  a  brown  envelope 
which  throws  out  upward-growing  runners  and  in  half  an  hour's 
time  the  fluid  in  filled  with  figures  whit-It  vividly  recall  both  the 
HhujH*  and  the  color  of  seaweed;  if  a  small  amount  ijl,,"»  per  cent)  of 
gelatin  has  been  added  to  the  water,  tin*  figures  have  some  stability. 
Their  development  is  easily  explained:  the  copper  sulphate  dis- 
solve itiui  immediately  forms  a  semipernteable  membrane  of  nipper 
ferrocyanid,  through  whieh  no  eop|**r  sulphate  can  escape,  but  watrr 
may  enter,  Hiitt*«%  n  eoneentrated  S4>luti*in  tif  eopper  sulphati*  in 
formetl  within,  water  will  t«»  absorUnl  until  the  ineisibrant4  hurMs, 
whereufKHt  the  eopjx»r  Hulphate  sttlution  is  brought  intu  etmtaet 
with  the  ix)tassiuiu  ferr«M*yanitl  iiRiiiit  and  forms  u  new  prllirlt*  of 
copper  ferroeyawd,  anil  thus  flit*  pnwess  giies  ttn, 

STBi'HAXR  LKiitst?  studifd  tht'St*  figtires  most  industriously 
and  has  diseiiHstnl  thi*tr  signifieanee  in  numerous  publiratiitn*.1 

Home  of  his  *lirertiotw  ar«*  ln*rr  given:  Prepare  granules  uf  I  part 
migar  and  1  or  2  partn  t*opj>er  sulphate,  This  is  M*atter«*tl  in  a  fluid 
consisting  of  100  parts  of  water  and  from  10  to  20  parts  lit  j$n*  n«ut 
gelatin,  ">  to  10  parts  s^iturated  |K»tnxsium  fernjcyunid  ^ihttion  and 
f>  to  10  parts  saturatt*d  Hodium  rlilwiit!  solution,  whieh  tuixture  han 
bet*it  htMited  to  411  tlegrees  (  Vnttgradt*.  In  thi.»  %vnv  wr  ol.»tain  ttguren 
like  that  in  Kig.  41  »  whieh  nuiy  attain  a  *»f  itt  rm.  The  gelatin 

tHHoltdiiied  by  nntltng  ami  the  figure*  limy  l*«*  pre«iTve*l.  Utl$i*r  fig- 
ures art*  obtained  by  throwing  granule*  of  fused  ealeium  ehlurid  or 
barium  chloritt  into  u  eoneentmted  Holmion  of  ?mdu, 

Another  rertpr  is: 

Wntttr  ,,,,.,..           .    .            .  ,               .  .     .     .  t  liirr 

*!*!  |M»r  et'f'if  |xiliiM4iiitfi  inilri"  «nlitiii*ii  tiO  %M. 

iiiiii  .                     .  til  |*iti, 

h«H«|»)tHtr  m»|i|t$nft  ....             .  ,  i*li 


Beiiiitifttl  branrhirig  iin»  by  scut  taring  enleium  ehlorid 

granules  in  thin  miiliirt*, 

The  more  concentrated  the  solutions,  the  more  rapid  i*  tli«f  grttwth 
and  the  more  branching  and  delieute  nr«*  iin*  ^iiiij»»*^,  If  the  outer 
water  SH  dilut(*cl  whilt*  tin*  is  in  progress,  \ve  may  proiluco 

figures  with  uteiiit*  iiitrl  tops,  lilii*  auu>ttirt.Hims  and  t«mdstootat 

<*tc.).  Those  figures  ri*iw*t  U>  in  ustnotie  prensuren  by 

{'hanging  their  shiifx*. 

1  I  ahull   i!n*nfit.iii  only  litH  |niMtt*;iitM!i^:  Hi,  l*»«*ini%,  Ht>H*h^tit.  5Cf-*-«*ltr, 

(Fwthiuiil  f,  II,  J.  HiifttbtirictT'l,  1!I>M,  ^HHI  «   ff.       f^n*  i*rMt^Hin*f.fi  twiipiii*|tir.«  **t 

Foripltl*  tilti  Mrw  VSVmitfi     C!lllf4«*»I>iI«*t   I'J^.I*.      l^r*  lnm$'^  |i|$V'ili|iIr»4  i|r  111  Vli*  ft 

la  tibfc^w^*  (l*ri'*wt+  Mt't  limits  7,  12,  UHtth,     11A»r$t*  |i|iyf*i«*,rl$$i$iji|iir  ilr  In  viti 
(Piwrw,  HHO),  IM  dyiuunimii'  tit*  In  vie  i\,  I^ilnat,  i*nm,  P.U3.:  iiinl  tntuiv  othrm. 
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ST.  Lnm-r  calculated  that  a  granule  of  potassium  ferroeyanid 
acquired  laO  times  its  original  weight  when  it  grew,  and  that  calcium 
structures  acquired  many  hundred  times  their  original  weight. 

The  internal  structure,  also,  has  some  similarity  to  natural  forms. 
They  have  a  cellular  structure  as  ST.  LKMJO  showed  by  muTophotn- 


Fiti,  4t,     Artiftrliilly  prepare4*!  twiiitttti*  nwwwl.     (Mmli*  l»y  St,  l*«*»ltir,) 


Iw,  Fig.  42,  uud  iw  c-oultl  hi*  inferred  from  tin*  way  m  \vhirh  tht*y 
art*  formed.  The  solution,  r,f/»l  of  copper  Htilpliate,  \vhieh  IN  stir- 
rouudcd  by  a  membrane  of  copper  ferrocyunid,  inibil«-s  \vuter  until 
the  memlirane  bursts,  nnd  sonu*  c«»ppi«r  stilphutr  s«ilutinn  \*  e\ud«-d, 
winch  Htrai^litway  surrounds  itself  with  a  lilitt  of  cupprr  ferrneyzund, 
and  thus  a  new  cell  is  fc»rmed.  Th«*  process  repeats  itself  ami  one 
c*ell  IK  added  to  another. 

It  cannot  be  denied  that  the  pictures  reproduced  have  a  nmrkcd 
external  resemblance  to  natural  alga*,  ftmgi,  etc.,  nud  tlmt  it    is 


X  /.V 


possibU*  tci  imitate  nurh'us  fiitfl  rell  tiivUton,  ami  nil  ?*urt*»  of 

pht'iiomenu,  an«i  thnt  rvm  thrir  internal  *frneture  in  ttt  many  re- 
spirts  suggestive  of  a  t*i»llulHr  strurturr.  hmilttlt^^  *trurturrs  dn 
urc-ur  hi  imtun1  whirh  *l«*vi»lop  in  tin*  s:itu»*  «:i\  ;r-  th*^r  iirtitirial 
tir  prtjilurts.  In  tVuit  \vim*s  aftrr  iVnnrtitHituii,  II,  Mu.uiu- 


Fiti,  42,     *\Iirr**iili**ttiicrii|ili'i  «»f  i 
Ml4«Illtt*'»I 


-*,  «lttii%'iii«  u  n-llitlnf 


!>«*?**  ^f 


U*  fmuul  vt'HirU'rt  wliirli  WITI*  lilttnl  with  kirtrrin  iFi««  -IH) 
on  tin*  ywwt  HtMiiin<*nt,  Tht*st*  "'hiM'ti'ria  vi^irtrn1*  \vi-n*  tl«'Vt*lu|H*il 
IHTIUWI*  tin*  t*olloiti  Mulmtunn'H  rliiiiiiiiitfil  l»y  flu*  huriiTm,  in  ruu- 
jnnrtion  with  tin*  fruit  witii%  whirh  runtjiifi^  tastnm,  fi»rni  u  Hrirti- 
IxTia<*iibh»  iiH*iitHriyii%  a  vrsu'lt*,  thai  gnnv^  tuut  »*I$I!-H  iait  tutmlrn. 

/«  there  rettlly  mi  iiiiii/ii||!/  i«  fltr  tlnvtvjwM'nt  i»f  tlwm-  #trurtun'#  In 
1/fe  ttcvclopment  t>f  nttturni  oq/fjiiiVni*/  !  Thi*  furl  that  thi*n*  in  tu»t  flu* 
Hlightt'Ht  rht*mit*al  n*rt««ni!*lani*«'  to  or^anUinn  may  hi*  «*oiupl«*t«*ty 
(llHrc*gnrtliHi  Hinrt*  ST.  LKWI*  and  nil  who  *tJian*  his  vi**w*  sjti^ik  tmty 
of  the  Himihtrity  of  tin*  phyHtra!  foiw  at  work  in  !«$tl$, 

1  W.  Hot'x  luw  tn*at<*il  th«*  i*titiri»  «tu«* 

"AnKiMiphu  KunntliHit*  l%««nsRi»ig  vim  I 
fort  u.  M.)»  HHHI,  Nr.  H. 


in  11  v«»ry  iiwtrtiritv**  «-Jw*»y  «m  flit* 

i1*  in  titu  **t"mHi'.lmuM 
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It  is  a  detriment  to  the  scientific  treatment  of  the  entire  question 
that  the  outward  resemblance  (form  and  color)  is  so  strikingly  like 
the  natural  structures.  Involuntarily,  we  are  reminded  of  wax 
figures  which  move  their  arms  and  legs.  Though  the  internal  sfruc- 
ture  has  some  slight  resemblance  to  some  natural  organisms,  the 
analogy  completely  fails  if  we  consider  such  de- 
tails as  cell  division  and  cell  multiplication.  The 
figures  of  ST.  LEDUC  absorb  no  nourishment, 
other  than  water;  their  increased  weight,  as  far 
as  solid  substances  go,  consists  only  in  pellicle 
formation,  and  in  spite  of  a  shape  suggestive  of 
higher  organisms,  they  have  no  differentiated 
internal  structure,  and  the  cell  division  has  not 
the  remotest  resemblance  to  natural  cell  division, 
but  occurs  intermittently  by  bursting,  etc.  We 
might,  if  it  did  not  seem  fruitless,  multiply  the  FlG  43 
dissimilarities  indefinitely  and  we  might  show 
that  metabolism  and  the  development  of  germ 
cells  is  out  of  the  question  in  such  formations. 
We  must  not  overlook,  in  the  presence  of  all 
these  dissimilarities,  that  the  physical  forces 
which  produce  these  inorganic  formations  are 
the  same  as  those  which  produce  the  growth  and 
configuration  of  organized  material:  membranes, 
osmotic  pressure,  diffusion. 

In  one  point,  at  least,  LEDUC'S  analogies  fail  completely:  except- 
ing the  membranes,  they  are  devoid  of  colloid  material.  We  have 
already  seen  that  swelling  frequently  replaces  osmotic  pressure. 
If  we  could  imagine  the  crystalloid  material  of  ST.  LEDUC 
replaced  by  colloids  capable  of  swelling,  we  would  have  the  essen- 
tial physical  and  chemical  conditions  for  growth  and  structure  of 
organisms. 

A  serious  study  of  these  problems,  one  which  extends  beyond  ex- 
ternal resemblances,  is  still  in  its  earliest  beginnings;  see  R.  E.  LIESE- 
GANG,  Nachahmung  von  Lebensvorgdngen.  Formations  resembling 
the  creations  of  ST.  LEDUC  have  been  independently  noticed  by 
others.  B.  D.  UHLENHUTH*  produced  beautiful  growths  by  putting 
iron  objects  into  antiformin.  Antiformin  is  a  mixture  of  sodium 
hypochlorite  with  sodium  hydrate.  The  formations  consist  of 
iron  oxid,  and  their  development  is  easily  understood  from  the  ex- 
planations that  have  been  already  given.  Since  a  small  amount  of  a 
water-soluble  iron  salt  must  be  formed  first  by  the  action  of  the 
hypochlorite  of  soda  on  the  iron,  the  growth  is  slower,  the  figures 


Vesicles  of 
Bacterium  mani- 
topoem  from  a 
pure  culture  in 
sterile  pear  juice. 
The  vesicle  has  de- 
veloped a  long 
transparent  tube. 
M  agnification 
200:1.  (After  H. 
Miiller-Thurgau.) 
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urc  more  beautiful  urn  I  jH^iblv  won*  natural.     In  I  wo  week.**  fhtt 
structures  attain  u  height  of  from  "*  U»  1U  em, 

The  growths  described  aln>ve  o!Yt*r  analogies  lo  organisms  wltieh 
are  completely  surrounded  by  water  only,  >"«*!  thrre  are  Ilii^r  whi«'h 
offtT  a  resi*inblatire  to  the  growth  of  terrestrial  plant*.  We  might, 
meutiou  the  ubloHHom**"  of  tunny  «'r\\stallot»l  Mibrftant*es»  e.sjH*eially 
the  ammonia  salts.  II.  WiHUt'KNfi**1  h«w  thtmuiKhly  ntuttteii  tin* 
gnnvth  mul  ntrurturt^  of  li  of  itiiiiiiiiiitiiii 

which  have  t«n*it  at*ti\atetl  by  eoi$t;iet  mtfli  tneei  til  merrttrv  subti- 
matt*,  for  exiuuplej  aiv  {n*riutltt*il  tu  lie  tit  u  ititit^t  |iUci%  vrry  ^ 


¥m»  44,    Fillers  of  ftliwuw  X  40.  II, 


fibrous  8t-ructun»H  grow  from  tin*  metnl,  whirh  in  n  few  may 

mu*h  more  than  I  rm,  in  it*ngth.     Pniler  the  inthienei*  of  the  mt*reury 
EH  it  t?atalyy«i»r,  aluminium  cixiil  m  fort  net)  from  the  uri'tini- 

ing  to  the*  formula: 

Al  -f  ttH,o      AiC<>!I).i  \  nil 

In  thin  instatuu*  it  in  not  thu  osmotii*  preKmjn*  uf  entering  wiit.i«r 
which  hurntH  lite  fthnn,  thtw  hringittK  n  fre^ii  itn^tnl  to  th« 

rc»a«tion,  Init,  the  preasure  of  the  hydrogen 

Thottgh  in  this  rate,  an  well,  there  «r«*  mnny  in  lli«*  re*rmblunt*i! 
to  natural  or^uitHins,  nrvc*rtheli'.*«s  the  fiJirrn  funiirct  rrrtiun 
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Iu  the  first  place  they  resemble  most  organic,  fibers  by  being 
doubly  refractive  (L.  JOST*)  even  though  this  double  refraction  is 
caused  by  different  conditions  than  in  organized  structures.  In 
contradistinction  to  natural  libers,  the  substance  is  isotropie;  it  is 
only  its  Imnellated  structure  which  produces  that,  type  of  double  re- 
fraction (H.  AMIMONN*)  which  is  found  in  the  siliceous  envelopes  of 


L  45.    Piw  <»f  doubly  diffract  Ing  fibroun  alumina.    Magnified  X  440. 
(After  If. 


diatom**  (e.g.,  pleuronigma  and  amphipleura)  and  probably  also  in 
tatmnheer,  the  colloidal  silicic  acid  which  occurs  in  the  internodes  of 
sointJ  npeeies  of  bamboo, 

The  Genesis  of  Structures. 

What  phatw  in  for  the  physical  chemist,  nilx  and  tifwncN  an*  for 
the  biologist.  Like  plias<»s,  cells  and  tissue's  arc*  "portions  of  a 
structure  separate*  1  from  one  another  by  physical  interfaces"  (Wn/- 
HKLM  OHTWALU'S  dc'f'mitloii  of  phone).  Thu  interface*  may  consist 
of  an  invMbh1  tranxition  layer  face  p,  280).  The  interface,  in  most 
evident  when  it  consists  of  a  wVWr  membrane.  Sticli  a  mc^mbntne 
whether  visihle  or  invisible  in  always  a  structure  poor  in  water.  At 
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the  interface  against  air  it  may  be  created  by  desiccation.     Within 
the  organism,  we  must  assume  that  membranes  develop  similar  to 
chemical  precipitation-membranes.     If   we  add   silver  nitrate  to  a 
solution  of  common  salt,  a  precipitate  of  silver  chlorid  is  formed. 
If  we  permit  common  salt  and  silver  nitrate  to  diffuse  together  in  a 
jelly,  at  the  point  of  contact  a  membrane  of  AgCl  develops.    We  con- 
sidered the  results  of  this  more  thoroughly  in  the  introduction  to 
this  chapter.     It  is  now,  therefore,  merely  necessary  to  recall  that  not 
only  may  crystalloids  form  such  membranes  in  a  jelly,  but  that  with 
albuminous  material  EL  BECHHOLD*2  produced  such  membranes  in  jel- 
lies (phosphoric  acid,  goat  serum  and  goat-rabbit  serum).     Theoreti- 
cally, therefore,  the  development  of  membranes  offers  no  difficulties. 
The  development  of  a  precipitate  in  a  jelly  gives  a  certain  direction 
to  the  further  evolution  of  the  process.     The  sense  in  which  this  is 
intended  will  be  elucidated  by  some  examples;  by  membrane  forma- 
tion, to  begin  with.    Substances  which  form  no  membrane  by  precipi- 
tation, diffuse  together  unhindered;  and  in  time  become  completely 
mixed.     If  a  semipermeable  membrane  has  formed,  it  behaves  like  a 
solid  wall  that  arrests  any  further  mixture.    If  two  solutions  of  equal 
osmotic  pressure  diffuse  together  in  a  jelly  till  they  form  a  permeable 
membrane,  no  matter  how  thin,  e.g.,  sodium  chlorid  and  silver  nitrate, 
diffusion  ceases  as  soon  as  the  membrane  has  a  very  slight  thickness. 
If,  however,  the  osmotic  pressure  on  one  side  is  greater,  the  mem- 
brane continues  to  grow  until  the  osmotic  pressure  is  equal  on  both 
sides  (N.  PRINGSHEIM,*  H.  BECHHOLD  and  J.  ZiEGLER*1)- 

The  phenomena  are  exceedingly  interesting  when  precipitates  de- 
velop simultaneously  in  several  places.  These  phenomena  have  been 
studied  by  R.  LiESEGANG.*3  If  we  place  on  a  plate  which  is  covered 
with  sodium  chlorid  jelly,  a  drop  of  silver  nitrate,  there  forms  a 
disc-shaped  precipitate  of  silver  chlorid,  whose  circumference  in- 
creases equally  in  all  directions  (a  circle)  according  as  the  silver 
nitrate  diffuses  into  the  sodium  chlorid  jelly.  If,  however,  two 
drops  are  placed  on  the  sodium  chlorid  jelly  several  centimeters 
apart,  there  develops  a  picture  like  Fig.  46;  the  two  silver  chlorid 
precipitates  grow  towards  each  other,  that  is,  an  "apparent  chemical 
attraction "  is  observed.  The  reason  for  this  is  as  follows:  im- 
mediately upon  applying  the  silver  nitrate,  the  jelly  loses  sodium 
chlorid  because  of  the  precipitation  of  AgCl,  and  this  causes  a 
movement  in  the  entire  mass  of  sodium  chlorid:  the  spot  where  the 
precipitate  forms  is  deprived  of  chlorin  ions,  which  then  diffuse 
in  afresh  from  the  periphery.  If  two  neighboring  drops  of  silver 
nitrate  have  been  placed  on  the  sodium  chlorid  jelly,  there  forms  be- 
tween them  a  region  poor  in  chlorin,  which  thus  permits  a  more  rapid 


FIG.  50.    Liesegang's  rings.      (From 
R.  Liesegang.) 


FIG.  51.  Laminated  urinary  calculus 
(urates).  (Drawing  by  H.  Schadde; 
from  von  Frisch  and  E.  Zuckerkandl.) 


FIG.  53,  Oil-droplets  super-saturated  with  cho- 
lesterin.  Crystalline  separation  of  cholesterin 
may  be  recognized  in  several  droplets. 


FIG.  52.  Primitive  gall-stone 
pattern.  (Myelin  clump.) 
Magnified  X  62. 


FIG.  54.  Laminated 
calcium  bilirubin 
stone. 
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advance  of  the  silver  nitrate.    What  is  shown  here  in  the  case  of  the 
silver  ehlorid  holds  for  every  other  precipitate,  and  for  every  osmotic 
disturbance,  provided  only  that  dif- 
fusible substances  are  present  in  a 
jelly. 

If  such  disturbances  (precipi- 
tates, membranes)  occur  simultane- 
ously in  various  places,  it  is  possible 

for  the  most  complicated  figures  to     FlG*  40\    A™)/5ent  chemical  attrac- 
f()rm  tion.     (R.  Licsegang.) 

In  addition,  we  must  consider  the  changes  which  occur  in  the  ordi- 
nary course  of  swelling  and  shrinking  of  the  colloidal  material. 

As  far  as  1  know,  it  has  hitherto  not  been  possible  to  explain 
such  a  phenomenon  in  vivo.  I  wish  to  refer  to  only  one  analogy: 
( ..  U.  AWKNS-KAPPKKS*  described  as  neurobiotaxis  a  phenomenon  of 
nerve  fibers:  if  two  nerve  cells,  a  certain  distance  apart,  are  injured 
simultaneously  or  in  close  succession,  the  growth  of  the  chief  dendron 
of  both  injured  ganglion  cells  occurs  in  the  direction,  of  the  other 
stimulated  or  injured  cell.  We  thus  have  a  growth  towards  each 
other,  analogous  to  the  apparent  chemical  attraction  just  described. 

\(\  A.  ICiiHHKKU  concludes  from  his  experiments  that  hyperneuroti- 
mtiou  of  a  normal  muscle  is  impossible.  A  normal  muscle  cannot  be 
made  to  take  on  additional  nerve  supply.  The  implanted  nerve  can- 
not make  nouro-motor  connections.  If  the  muscle  is  permanently  sep- 
arated from  its  original  nerve,  the  implanted  nerve  will  then  establish 
such  connections.  Science  N.  H.,  Vol.  XLV,  p.  319  et.  seq.  Tr.] 

Naturally,  cells  mutually  modify  each  other's  shape.  A  structure 
which  would  develop  spherically  if  uninfluenced,  under  the  pressure  of 
neighboring  cells  acquires  a  reticulated,  fibrous  or  pavement  shape. 

Layered  Structures. 

We  saw  that  if  two  solutions  which  form  a  precipitate  meet  in  a 
jolly,  a  precipitation  membrane  develops  at  the  point  of  contact. 
Provided  thin  in  sufficiently  permeable  and  one  solution  has  a  higher 
osmotic  pressure,  the  membrane  continues  to  grow  uninterruptedly, 
becoming  constantly  thicker  until  the  osmotic  pressure  is  the  same 
on  both  sides.  In  1898,  R.  K.  LiKHKOANO*1  published  an  observation 
which  does  not  accord  with  the  continuous  growth  mentioned  above. 

If,  for  instance,  ammonium  bichromate  is  dissolved  in  melted 
gelatin,  which  is  then  solidified  in  shallow  dishes,  and  upon  it  a  drop 
of  silver  nitrate*  is  placed,  then  there  does  not  develop  upon  diffusion  a 
constantly  thicker  precipitation  membrane  of  silver  chromate  but  con- 
centric rings  called  LIIOSKOANU'H  rings  (SBC  Plate  II,  Fig.  50).  The 
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experiment  may  be  performed  by  solidifying  the  ammonium  bichro- 
mate gelatin  in  a  test  tube  and  layering  some  silver  nitrate  over  it. 
We  thus  get  instead  of  rings  true  precipitation  membranes,  which 
are  separated  from  one  another  by  layers  containing  no  silver  chro- 
mate  (see  Fig.  47).  Subsequently,  WILHELM  OsTWALD,*2  J.  HAUS- 
MANN,*  H.  W.  MORSE  and  G.  W.  PIERCE,*  H.  BECHHOLD*2  and 
E.  HATSCHEK  studied  the  development  of  these  rings.  It  may  be 
assumed  as  a  result  of  these  investigations  that  the  formation  of 
such  layers  is  the  result  of  a  very  complicated  combination  of  events 
whose  further  elucidation  at  this  point  would 
carry  us  too  far  afield. 

It  should  be  definitely  stated  that  the  de- 
velopment of  rhythmic  structures  is  in  no  way 
dependent  on  the  interdiffusion  of  two  solutions. 
Similar  structures  may  be  produced  in  jellies  also 
by  crystallization  (e.g.,  tri-sodium  phosphate)  or 
by  freezing  water. 

The  ring  formation  occurs  especially  when 
ammonium  chromate  and  silver  nitrate  come  in 
contact;  at  times  there  may  be  produced  as 
many  as  twenty  or  more  parallel  membranes, 
which,  according  to  the  concentration  of  the 
solution,  may  be  separated  from  a  fraction  of  a 
millimeter  up  to  1/2  centimeter.  They  have  also 
been  produced  by  numerous  other  precipitation 
reactions. 

H.  BECHHOLD  prepared  similar  stratified  mem- 
branes with  organic  material.  This  occurs  readily 
if  serum  mixed  with  gelatin  is  permitted  to  solidify 
in  a  test  tube  and  metaphosphoric  acid  is  layered 
over  it.  The  number  and  beauty  of  the  mem- 

_  branes  depend  very  much  on  the  relative  con- 

FIG.  47.     Stratifica-  ,      ,.  -    ,,  ,    ,.  ,         ,        , ,     , 

tionsinatesttube.    cejltratlons   of  th^   solutions   employed.      Most 
(F.  Stoffel.)  advantageous  is  a  mixture  of  2.5  per  cent  serum 

and  of  5  per  cent  gelatin,  upon  which  is  placed 
2  per  cent  metaphosphoric  acid;  this  gives  as  many  as  five  concentric 
rings.  The  author  obtained  two  parallel  membranes  by  the  diffusion 
of  goat  serum  into  gelatin,  containing  goat-rabbit  sefrum. 

It  is  evident  in  the  formation  of  this  kind  of  layered  membranes 
that  the  phenomenon  noted  on  page  85  et  seq.  plays  an  important  role: 
colloids  only  precipitate  in  definite  mixture  relations,  and  solution  oc- 
curs in  the  presence  of  an  excess  of  either  one.  This  phenomenon  can 
be  followed  visually  in  the  above-described  membrane  formation. 


GROWTH,    MKTAMOKPH08IS  AND  DEVELOPMENT        263 

It  is  easy  to  imagine  that  layered  membranes  develop  by  the  re- 
tnoral  of  a  substance  which  holds  another  substance  in  solution.  I 
have*  experimented  with  this  end  in  view  by  dissolving  globulin  in 
gelatin  containing  sodium  ehlorid  and  layering  water  over  it;  when 
the  sodium  ehlorid  diffused  away,  then  the  globulin  precipitated 
out.  As  a  matter  of  fact  no  layered  structures  developed  in  the 
gelatin  but  only  turbidities  uniformly  distributed.  This  does  not 
by  any  means  mean  that,  with  a  different  arrangement  of  the  ex- 
periment, regular  layered  membranes  might  not  be  obtained. 

In  organisms  we  frequently  encounter  stratified  structures  which, 
in  most  eases,  occur  as  the  result  of  rhythmic  deposition.  The  an- 
nual rinux  <*/  /m>\  the  various  layers  in  the  otoliths  of  young  and  of 
old  fishes  cannot  he  explained  in  any  other  way  than  that  periods  of 


FJCI,  4H,    Htitrch  pjmnulw.     (Kilnit.B-OrlofF.) 

rent  follow  periods  of  st  rung  accretion.     I  n  contrast  to  these  "  external 
rhytlmw"  which  obviously  are  induced  by  changing  conditions  affect- 
ing an  organ,  then*  art*  also  layered  structures  with  "  internal  rhythms" 
which  HUggeHt  LIKHKUANU'H  r/w(/«      As  such,  we  must  regard  starch 
grain*  (Kig.4K).  the  silidous,  sponginous  and  calcareous  structure  of 
Hixmge*,  and  the*  perforated  calcareous  shells  of  the.  foraminifera  and 
inuny  i'wh  wtdes.     U.   LiK.sK<^.vo*a  mentions  in  addition  the  con- 
(Tiitric  Itunellie  iibout  the  HAVKIWIANT  <mn:ils  in  the  bones  of  verte- 
hniten,  the  nnln  of  the  retina  and  the*  spiral  cross  strue  of  muscle 
fil>erH.    W.  C  tKiiHAiiDT  comparts  th<»  rhythmic  markings  on  butterflies' 
wing*  to  LtKHKUANci  Htruetures.     The-  course^  layt^rs  of  the  otoliths 
of  fiHhi*,  tl«*  annual  ringn  »f  tiTe.s,  the  concentric  structure  of  pearls 
are  penetrated  by  still  finer  layers,  whose  formation  R.  LIBSBGANG 
thinks  IH  4inalogoiiH  to  the  formation  of  the  rings  he  described. 
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E.  KUSTER  has  called  attention  to  numerous  rythmic  phenomena 
among  plants  in  which  the  influence  of  external  forces  cannot  be 
repognized  and  which  consequently  he  attributes  to  LIESEGANG'S 
law.  Among  others  we  may  mention  the  thickening  of  membranes 
in  vessels  and  tracheae,  the  bands  in  striated  portions  of  plants  (herbs, 
pinus  Thunbergii  Parl.),  and  the  rhythmic  changes  in  many  blos- 
soms. Doubtless  the  number  of  instances  where  we  may  entertain 
the  idea  of  internal  rhythms  may  be  increased  at  will  and  it  will  be 
the  task  of  future  investigators  to  determine  the  essential  causes. 

A  valuable  contribution  in  this  connection  was  made  by  M.  MUNK 
who  studied  the  formation  of  fairy  rings.  When  moulds  are  grown 
on  bread,  nutrient  agar,  etc.,  we  frequently  observe  growth  in  con- 
centric rings  which  suggest  LIESEGANG'S  layers  and  are  popularly 
called  fairy  rings. 

M.  MUNK  demonstrated  that  the  accumulation  of  metabolic 
products  interfered  with  growth,  causing  a  zone  where  there  was  but 
little  mould.  In  the  case  of  some  strong  acid  producing  moulds 
the  distance  between  the  individual  rings  may  be  regulated  by  the 
addition  of  alkali  to  the  nutrient  medium.  If  litmus  agar  is  used  the  . 
blue  and  red  rings  make  visible  the  cause  of  the  ring  formation. 

It  is  interesting  that  layered  structures  in  the  ends  of  the  periph- 
eral nerves,  which  were  looked  upon  as  real,  have  been  proved  to 
be  artefacts.  GOLGI  stained  nerves  by  saturating  them  with  potas- 
sium bichromate  and  then  treating  them  with  silver  nitrate.  He 
obtained  stratified  structures  whose  appearance,  as  H.  RABL  showed, 
changed  with  the  concentration  of  the  solutions,  and  they  could  be 
nothing  other  than  Liesegang's  rings. 

Biological  Growth. 

The  fertilization  of  the  egg  is  evidently  the  cause  of  the  powerful 
swelling  processes,  which  are  possibly  induced  by  the  formation  of 
acids.  According  to  JACQUES  LoEB,*3  oxidation  processes  accompany 
the  development  of  the  egg  (whether  fertilized  or  parthogenetic)  ; 
without  oxygen  no  development  of  the  ovum  occurs.  The  increase 
in  the  volume  of  the  ovum  of  Echinoderma,  until  it  reaches  the 
pluteus  stage,  is  entirely  conditioned  by  the  absorption  of  water 
(C.  HERBST*).  Before  the  larvae  reach  the  pluteus  stage  they  can- 
not assimilate  any  organic  nourishment.  DAVENPORT*  in  the  case  of 
frog  embryos  has  shown  that  their  dried  weight  remains  the  same 
or  diminishes  till  the  moment  when  they  commence  to  eat.  Their 
water  content  on  the  other  hand  was  enormously  increased.  This 
absorption  of  water  is  not  due  to  an  increase  in  the  osmotic  pressure, 
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since  the  fertilized  and  the  nonfertilized  frog's  egg  shows,  according 
to  L.  BACKMANN  and  J.  RUNNSTROM,*  only  1/10  of  the  osmotic 
pressure  of  the  egg  in  the  ovary,  or  of  the  adult  frog.  In  the  course 
of  development,  the  osmotic  pressure  increases  so  that  in  the  tadpole 
of  25  or  30  days,  the  osmotic  pressure  is  almost  the  same  as  in  the 
metamorphosed  animal  L.  BACKMANN  and  J.  RUNNSTROM  agree 
that  the  decrease  in  osmotic  pressure  is  due  to  the  fertilization,  which 
results  in  a  gel  formation  by  means  of  which  crystalloids  are  adsorbed. 
After  a  certain  time,  which  varies  for  different  animals,  but  not 
as  yet  definitely  established  for  individual  ones,  a  shrinking  begins 
again,  as  may  be  seen  from  the  following  data,  taken  in  part  from  the 
tables  of  H.  GERHARTz*1: 

MAN. 


Water,  per  cent. 


Dry  substances, 
per  cent. 


3d  fetal  month 94.0 

6th  fetal  month  (Rubner) 90.0 

7th  fetal  month  (Rubner) 86.0 

8th  fetal  month  (Rubner) 83.3 

Newborn  (Camerer,  Jr. ) 71.7 

Adult  (Moleschott) 67.6 

Adult  (Bouchard) 66.0 

DOG. 

6  days  old  (Gerhartz) 80.3 

15  days  old  (Gerhartz) 77.0 

SHEEP. 

6  months  old  (Lawes  and  Gilbert) 47.8 

15  months  old 43.4 

MOUSE. 

Fetus  (i  inch  long)  (A.  v.  Bezold) 87.2 

Newborn  (A.  v.  Bezold) 82.8 

8  days  old  (A.  v.  Bezold) 76.8 

Full  grown  (A.  v.  Bezold) 73.3 

CHICKEN  EMBRYO  (without  yolk) . 

7th  day  (L.  v.  Liebermann) 92.8 

14th  day  (L.  v.  Liebermann) 87 . 3 

21st  day  (L.  v.  Liebermann) 80.35 


6.0 
9.7 
14.0 
16.7 
28.3 
32.4 
34.0 


19.7 
23.0 


52.2 
56.6 


12.8 
17.2 
23.2 

28.7 


7.2 
12.7 
19.65 


What  constituents  are  especially  deprived  of  water  cannot  be 
properly  determined  from  the  limited  material  at  hand,  yet,  accord- 
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ing  to  H.  GERHARTZ,  there  seems  to  be  a  very  great  shrinking  even 
of  the  albumin.  For  man  he  calculates  the  proportion  of  albumin 
to  water  to  be: 

Newborn 1  albumin,  5.6  water 

Adult 1  albumin,  4.3  water 

J.  A.  KUBOWITSCH  has  shown  that  the  water  content  of  a  mam- 
malian embryo's  muscle  sinks  from  99.4  per  cent  to  8  per  cent  at  the 
termination  of  fetal  life  and  finally  to  75-80  per  cent  in  adults. 
According  to  L.  B.  MENDEL  and  LEAVENWORTH,  pig's  liver  has  a 
quite  constant  water  content  of  about  80  per  cent  during  fetal  life 
but  diminishes  to  67.3  per  cent  in  the  adult. 

From  this  we  understand  that  in  the  earliest  stages,  growth  only 
results  by  means  of  the  water  taken  up  through  swelling,  though  a 
time  comes  when  growth  is  induced  by  the  entrance  of  solid  sub- 
stances, by  assimilation.  This  assimilated  substance  meanwhile 
binds  less  water;  with  further  growth  there  is  associated  a  relative 
shrinking  which  after  reaching  its  maximum  (growth)  passes  with 
further  age  into  an  absolute  shrinking. 

According  to  MUHLMANN,  aging  of  different  organs  does  not 
proceed  equally.  The  weight  of  human  intestines  increases  up  to 
the  fiftieth  year,  but  the  heart  and  lungs  never  cease  gaining  weight; 
the 'brain,  on  the  other  hand,  has  achieved  its  maximum  weight  at 
about  the  end  of  the  second  decade  and  from  then  on  it  gradually 
declines.  The  brain  also  shows  definite  microscopic  aging  phenom- 
ena, even  in  the  earliest  years.  Lipoid  pigment  granules  appear 
in  the  nerve  cells  which  continually  increase  and  at  an  advanced  age 
fill  the  entire  cell  According  to  MARINESCO  it  is  much  easier  to 
destroy  with  solvents  suspensions  of  ganglion  cells  of  a  newborn 
puppy  than  an  old  dog.  As  the  result  of  his  studies  of  pigment 
granules  in  nerve  cells  he  also  arrives  at  the  conclusion  that  aging  is 
due  to  the  coagulation  of  physiological  elements,  a  diminution  of 
surface  tension,  such  as  we  know  occurs  in  the  aging  of  colloids 
(see  p.  73). 

H.  SCHADE  determined  that  the  subcutaneous  connective  tissue  dis- 
solved much  more  rapidly  in  NaOH  when  it  was  derived  from  a  month 
old  child  than  when  it  was  taken  from  a  thirty-two  year  old  woman. 

F.  TANGL*  is  of  the  opinion  that  the  shrinking  of  the  animal 
organism  during  embryonal  development  is  a  duplication  of  the 
same  phylogenetic  process  and  shows  by  numerous  tables  that  the 
lower  invertebrates,  even  those  which  do  not  live  in  water,  are 
usually  more  rich  in  water  than  the  higher  vertebrates. 

By  what  chemism  increase  of  water  and  substance  are  condi- 
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tioned,  how  cell  division  results,  what  are  the  relations  between 
nucleus  and  ceU  protoplasm,  are  questions  which  are  not  yet  ripe 
for  colloid  research. 

To  be  sure  we  know  that  such  swelling  and  shrinking  processes 
occur,  not  only  for  the  entire  cell,  but  also  in  the  nucleus.  Before 
each  cell  division  the  nucleus  swells  up  very  much,  and  after  division 
shrinks  again,  decidedly. 

BOROWIKOW*  made  interesting  observations  on  plant  growth.  All 
who  are  familiar  with  plants  know  that  even  in  summer,  periods  of 
apparent  rest  alternate  with  periods  of  active  growth  (sprouting). 
The  latter  phase  is  associated  with  considerable  entrance  of  water. 
It  is  impossible  to  explain  this  inhibition  of  water  by  osmotic  forces 
since  the  increased  rate  of  growth  was  usually  associated  with  a 
diminution  in  the  concentration  of  the  cell  juices  instead  of  the 
reverse,  and  a  growing  plant  absorbed  unequal  quantities  of  water 
from  solutions  osmotically  identical.  There  was,  on  the  contrary, 
some  evidence  that  swelling  processes  were  active.  MARTIN  H. 
FISCHER  had  already  called  attention  to  the  fact  that  the  tips  of  buds 
are  always  acid  in  reaction.  It  was  quite  natural,  therefore,  to  test 
the  influence  of  acids,  bases  and  salts  on  the  sprouting  of  plants  and 
to  compare  it  with  the  swelling  of  colloids.  For  this  purpose  BORO- 
WIKOW placed  six-day  old  sunflower  seedlings  (Helianthus  ammus) 
in  sieves  and  dipped  them  in  various  solutions,  using  distilled  water 
as  a  control. 

Dilute  acids  (1/100  normal)  accelerated  growth  while  salts  simul- 
taneously present  acted  against  the  acids.  Acids  and  salts  were 
active  in  a  series  which  was  analogous  to  that  for  the  swelling  and 
shrinking  of  dead  colloids. 

That  bases  caused  no  acceleration  of  sprouting  seems  to  militate 
against  the  original  assumption.  BOROWIKOW  explains  this  by  the 
fact  that  the  cell  juice  in  the  growth  zone  is  essentially  acid  and  con- 
stantly forms  carbonic  acid;  the  bases  neutralize  the  acid,  forming 
neutral  unhydrated  albumin  and  in  higher  concentrations  damage 
the  plants.  In  this  way  he  explains  the  stimulating  action  of  dilute 
solutions  of  organic  bases  (0.001  n  urea  nitrate,  0.0015  n  caffein 
sulphate,  0.0025  n  phenylene  diamine  chlorid)  which,  according  to 
BOROWIKOW,  act  like  their  respective  acids  since  they  are  hydrolyzed 
in  solution. 

BOROWIKOW  expects  especially  to  bring  growth  into  relationship 
with  turgor  (tissue  distention).  Unnoticed,  great  turgor  may  be 
diminished  by  the  growth  process.  According  to  BOROWIKOW 
growth  is  ionization  of  the  plasma  protein  by  H  ions  in  the  growth 
zone,  causing  the  protein  to  pass  from  the  gel  to  the  sol  condition. 


268  coLUHiM  i A*  mnuwY  AM*  .«/-;/>/* 7 \/-: 

Ossification 

One  of  the  most  interesting  of  colloid-chemical  problt'in*.  h  ln»u«* 
format  ion.  We  shull  see  on  page  302  I  lint  from  an  aqu^ou^  solution 
containing  blood  salts,  calcium  carbonate  and  calcium  phosphate 
precipitate.  The  precipitation  is  hinderi'd  b\  tin*  piv*rnec  of  tip* 
blood  colloids,  though  two-thirds  of  (  'a  *alt*.  at  least  tit  th<*  serum  of 
higher  animals,  occur  in  the  crystalloid  statr.  Thin  intriirrrniv 
must  stop  during  the  formation  t*f  buue,  Tu  Heemuil  ft»r  tlii^  ihrn* 
an»H<»v(*raI  th(*ort»tii*nl  |M»shibilitii*s;  it  way  !«•  a^umeti  i!i.:it  I'li^n^--.  in 
th(*  st»rum  colloids  are  brought  abnut  ni  or  fr*»iii  tin*  bitni*  r»-lK  whieh 
remox'o  their  prot«'ctive  artioii  and  tr^ult  *  m  th»«  p!*'«-jpi<  ifM»n  »»i  iln* 
nilcium  Halts.  This  agre«»s  uith  flit*  u«nv  o!'  VV»*  |*u  1,1  .tj»dSt\H*  / 
which  xvt*  shall  consid«*r  more  rlusely,  It  ua*.  \\n\\n  m  0,f*u  i*-  r.arln  - 
that  the  increase  in  the  sulubihu  ««f  e.tlrium  *•  «.ih<w  it**  b\  M-IU»H 
albumin  was  -ITa  per  rent,  and  i»f  calcium  ph»»  iph.nt**  *H»  pn-  i***fii  \\  *• 
wottld  consequently  exjieet  to  lilt*!  a  \n\  uw»'h  m»»i»  «-\fi  ft  t^*  |»i* 
ctpitation  of  calcittm  pliusphate  than  <*f  calcium  catbiiii.^-r  «in  n  the 
protect ivt*  action  was  removed.  Hut  tit  tin*  ca^i*  irf  Imur.M,  tfir  pru- 
portions  are  just  the  revrt^e,  llir  l»»nr  *r4i  <«!'  inim  rMiiiaiDM  ut*t*ut 
Sal)  parts  <  *n.t(  P<  h»-.«  afiil  *,HI  part>  t  'u<  ff  »>  |»rr  HKH), 

But  in  the  cane  of  a  cli*avHtte  prtniuet  *if  tilbumm,  \Vn,  t*.\t  t4 
and  SAMKC  found  that  flu*  ,sulv«'iit  act  tun  ti|Mm  ralrium  '*iilt^  ^a.--* 
the  n*vt»rse.  ITi'//*'*^  |if|il<»«r»  cnn^i'ttitigahiiUHt  *«utir*-lv  i»l  iilbuiuirfi-'i, 
holds  in  Holuttou  only  lip*  calcium  rHrUmutr,  wlnTr,^*  tip-  riiifiiiiii 
phoHphate  exhibits  a  diiuiitiiinni  in  Mulitluhty,  Hii^rd  un  lln-.^i* 
rt*sult-H»  t)HHiftcjitt<tii  might  oceitr  in  the  fullowin^  \\m  .  In  th»-  l«n$«*  ur 
cartilage  cells»  there  4*ccurs  u  concent rntiott  i*f  ruHuid-^  in  «liit*lt  it 
large  (jtmutity  of  calcittui  salts  zir*'  pil^tl  up,  Wlins  th«-^-  tn^ir  r**l- 
loids  are  broken  down,  a  precipitation  urrur*,  th«'  pn-i'ipifat*"  i'nii.«i}^t- 
ing  chiefly  of  cHlciuin  phuHptintr  tvitli  ^iiiiilii'i"  afimuiit.^  nf  t-a 
carboniite,  Thiscorrrs|Ninds  with  lip-  ht»tijit»Kir;*l  «-i  nji'in-i%  h> 
of  which  11  tissue  deMructtuii  may  b«*  ^en-n  in  ,u«'euisipjiny  ir^iliratttnt. 

A  further  {xisMihility,  which  d«»rn  m»i  i«  tin-  |*-,'i^t  ri-niti^plifi  thr 
lilH)V(»  explanation  but  jMrnniitly  rmiiriili-M  it,  ^  lim!   phuHphute^ 

an*  Hc»t  free  and  come  into  contact  \\ith  lip*  rarbtmato*  ah%u>^ 
prenent  when  the  I  issues,  i*s|H*ctally  th««  cell  nurli-i,  l»rruk  down,  In 
accordan<*e  with  well-ktiowit  phyHirfHchrnticul  I-iw*,  mi  ineri-:i.*«-  in  lli«* 
concent  rut  ion  of  nit  it»n  (in  this  e:i*«'  tin*  phu^piiutt*  toiu  rrnultn  MI  mi 
inc*n»aHe  in  the  calcium  phosphate  nioleculi-u,  and  tluwrlraiiup-d  'albutnitt 
must,  itcctirdiii^ly,  favtir  tin*  pivcipttatton  of  ndnum  pi**i^phj>ti'. 

Finally  we  may  think  of  H  nf  .?^p4«ritic  jidiorpfion  bv  »*i*rti»»n 

Cell  IfnUltM.       lit  fill*!.  M.  IH'Atr.Vlit.^.ll  inilii-inl  H  u«4i4<*f  1^11  utt*u*ritt  tut*  *.f 
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calcium  when  lu»  placed  pieces  of  cartilage  in  ehlorid  of  lime  solution. 
Hits  suggests  tin*  method  l»y  which  lime  is  deposited  in  damaged 
tissues  {vessel  walls  or  tubercles).  We  must  also  consider  the 
simultaneous  precipitation  of  positively  and  negatively  charged 
albumin  with  the  breaking  down  of  calcium  salts  as  we  shall  describe 
later  when  we  discuss  eoneivment,  formation  at  greater  length  (see 
p.  271  «•/  ,s-n/.). 

Finally,  we  may  consider  .some  kind  of  specific,  adsorption  by 
definite  cell  groups.  We  might  also  consider  the.  mutual  precipita- 
tion of  positively  and  negatively  charged  albumin  which  carry  salts 
down  with  them  in  the  name  way  as  is  more*  fully  described  in  the 
HIM*  of  eoacjvmnit  formation  (p.  271  <•/  ,srr/.). 

What  has  Uvn  sail!  here  of  bones  also  holds,  of  course,  equally  well 
in  principle  for  th<*  slu-lls  of  molluscs  and  snails,  for  the  armor  of 
crustaceans  as  well  as  for  other  ossification  phenomena.  Morphoi- 
ogists  distinguish  primarily  between  calcification  and  ossification  (see 
<  U;tuuKun.  In  lower  animals  isliells  of  snails  and  mussels,  carapace 
of  crabs,  spjrulrs  of  sponges,  etc.),  the  lime  salt  occurs  chiefly  in 
wirrorry.staUiur  form,  as  fwr  granules  in  tlu»  calcifying  tissues.  In 
contrast  \vitli  this  ralriliratitui,  lime  forms  an  optically  completely 
houiugriM*ous  ttrfMHtt  iu  U»ue  uttd  JH»ver  occurs  as  a  formed  or 
rrystallinr  pivripitatr.  1'n.^ibly  this  essential  difTen^nce  depends  on 
ilir  t'at-i  that  ^jit-rial  i'«-U^,  (»-,*  rujihytt*^  take  part  in  bono  formation. 
It  IH  Mill  tmiiM-ib.il"  for  rolliud  jrsearch  as  yet,;  to  offer  even  an 
hyjMithivns  in  lAplaimtitiu  of  this  diftVri^nce. 

'  It,  Lu-;-*i-,«iA\i.*  *hi^  t'iHTiH'tirrKH  in  doing  so,  1  shall  not  discuss) 
rritirtJ-,  au  I'XjiK'Uiatiun  of  o^ifiration  which  involves  the  presence 
ltf  sprrial'n-U-s  tlir  i»M»Hi!iht,sts.  Hf  calls  attention  to  the  fact  that 
a,.|MiNit>,  til  tiitir  iin'iir  tit  plan's  wlit^re  there  mr  no  osteoblasts,  as  in 
tht*  urtrniil  wall,  tit  artrrio^rlrrnsis,  or  in.  brain  cells.  He  evidently 
ruiu-hiilr*  that  iiiii!-r  Miiiif  rtrrtiiUHtaiuvs.  even  without  a  special 
HloriuK  up  it  ^  iH.^il.1.-  to  luivr  a  prcripitalion  from  blood  serum 
miiH-i-it.iral.Ml  uiih  r:ilriui»  «iits,  in  which  action  the  formation  of 
rrj||rr,  ttr  liurj,.i  |H.,Ml»ly  tHkr  part  (similar  to  the  theory  of  H. 
HM  nsiMi4*  ami  XIM.I.MI*'  tur  tin*  ilrixwitiou  of  unites). 

Titr  vrn  llm,K,.a  .Ini.ili/  ami  the  pov^rt.y  of  thi»  bony  framework  m 
utKunir  .iib.uiiirr,  i,  Ui^-mug  of  Hiwrial  consuh^ration.     For  this 
11,-  i»ixr,iWi!i.m,  of   II,   M^KtiANu^  cilTtT  valuabh^ 
«ui,.,k,rf      Hr    -iHAvni    that    U'h.-u   ndc'ium    phosphat 
;,  !r  :  aUouvi  tu  f..rm  in  ^-btiu  J.-lU-s  Chy  the  diiTusion  of  disoclmm 
;    ||iilr  H|1I,  Mun  rlillin!t  tuwunls  earh  other),  that  they  were 


1 

;tll     ,t;ftvr  imllt  ^bitiii;  tn  a  .vrtam  rxtt-ut  the  organic  supporting 


a« 
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This  investigator  has  simulated  fb-  inniiafinii  and  KM*V\<>*  vl  Ih* 
Jong  (MUCH,     lit*  tilled  test  tubes  half  full  i»f  «,»«'Utm  utu»-li  w.i<  madi* 
alkaline,  with  triralrium  phosphat*4,  fur  m"t:in«-»  .  Hu    Li\u*  ivpir- 
nented  the  jx*riphery  of   tin*  bonr.     Alt**!    '.t*ltdt'}*"tu«m  th«*fv   u»t 
placed  on  top  a,  thiu  coating  of  gelatin  routunum*,  a  *  n  .p»  it  i^u  nf  in 
calcium  phosphate;   this  was  to  repn*Ht*nt  tip-  Imftt  .     I  j»«»ti  lin    \\,i> 
jxmiH'd  soint*  arid  solution,  for  instaitiv,  la»*tj»'  a»%i«l    !i*|tr«'"«'iiti!irt  H»r» 
coutrr  of  thr  Ixmo.     Tin*  arid  (lifTu^H  thrtHu*h  flit*  tn«'.i!n<U'i  j*hn, 
phati*  luyrr,  dissolves   th«*  rairium,  ri*;i»'liimt  tlir  limn    pr  nphi-rs, 
wlu»r«»  thr  c'alrtuni  is  pri*ripitatt*d  H^JUU  in  t<i\rr^  a..  »i  phf^phati  ,     It* 
H  suitable  ratrtttiti  Halt  in  addi'il  with  flu*  t;it*tt*'  arid,  f  h«-  l»i«  i-r  tn^nuu^; 
aiul  U'HH  jHm>tas;  mustiivi*^ftili*vp«-nmf*iit   it  *}i»»tt  .  in  (ldt% 
tir  wonii-«»a.t<»n  ap|H*ar;i!irr  ui*  thf  iMnj,  lmu«  s  aud  »»n! 
Hide,  a  s!mx>th  firm  and  sharply  ttfttiiid  'tfnirfurf*      IMI.I!  11,1!  uirn  * 
of  adds.  It  LIKSKUANU  meat  ions  th»*  ai'runitilatjuu  i»i  t  *t  i,(  \^^^  i  -id 
and  glyn»rophoHp!tiirir  arid  dt*riv«'d  Innii  in-ithm.     IHinus    f«i^»i  I 
thai  <rirHlriuiupluHplmt<*  wu>»hsM>!vrd  1»>  uufiTruut^miia't  «  ^nn  jt-r 
re,  forming  nn  U!iMuhltM*(>!ii|MMiini  tufa  i^t-il^nih  **  iihuit  phu. 

)i  +  4Ha<*<>A  -  H3o  }  !MISI  ai  2t*u  r<Mi  r,i.; 
In  dwntssJnn  rnlriliniiitiii  and  t,»vafitMii*tfi  in  hi  ihru  \  Li  *tijir 
IIHO  II,  H,  (iiUKov  WKU.H  fnnrludt*  th.it  "»ln*i"  rna  t«t  1«-  j*»* 
CHSC'ntiul  dtfTrn*nri»H  brtwrrn  flit*  pi'i«'t-  *"  iinnh*4  $n  n«»Mn  i!  n  ill- 
cution  nnd  in  most  inMtnnrrH  of  pathult^ir-il  t*d*"itit*aUMn.  IIM  ur  i 
of  ralcifirafion  nmy  IH«  rlmngwl  t»»  tint*  I»HM*  m  fh»»  r»»,u  »-  nv"  tim  >f" 
and  that  '^nilriuin  ti(*|H)sition  w*i»m,  in  dtjM*nd  !4ihn  *m  jtjn  .»n« 
chotuical  prurossi*stlmtumrhi*ininilr»\irtitm«,*k  fi.iiu\tt.  Vu  \  i\i»i  n 
lH  Ihci  ii»|K>rfiinrt*  nf  tin*  n*iiifi\.ii  of  or  ah*'i;i*i*w  «4  |nt*!»^  »i\»* 
ultinjc  in  ihi*  drfMi«tpin  nf  rtlnitiM  -:il«-,  <  f,  .il  »o 
oKs|*rvntioit  fill  flit*  tiith*trfiri*  )«Huc«*!4  ulnlt.lni,  «rf 

calcium  phosphate  dissolvtnl  in  m?niin  amt  tin*  di  >«4%sit^  m  tMlrmm 
phosphato  by  Horuin.    Tr.) 

of  the 

Of  the*  noninfrrtiuus  IMWI*  dimuni*^  and  nitrart 

our  sprrial  attention. 

Ricketn  is  eharacteri/»i*fl  by  lime-poor,  soralletl  iwirnitl  ti^tn-,  in- 
stcwl  of  the  solid  calcareous  Htruetim«.  In  tliis  way  a  jilialili-  111113,% 
takcw  the  plan*  of  the  rigid  framework.  Thi*  laek  of  liuir  mi«hl 
readily  br  attriliuted  to  a  lurk  of  limt<  in  ihr  fin«l.  Imt  it  Int;*  l«'i-n 
shown  that  thin  is  iwtumly  not  the  ea«*e.  siiiee  siieh  a  lurk  of  liior 
cim  be  produced  only  by  urtifirtiil  preparation  of  tin*  fninL  In  my 
opinion  PAHU'H  theory  of  buiit*  fontwtiou  H  ^,,,4  i.\nhu».it$«M» 

for  ricketH.     Hi*  Hupixines,  us  indiriilri!  on  IHIUI*  2t»H.  »  ••r-.Iinni.urf 
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tissue  degeneration;  in  rickets  we  find  quite  the  reverse,  namely, 
an  over-production  of  the  osteoplastic  tissue,  so  that  we  lack  the 
conditions  necessary  to  the  precipitation  of  calcium  phosphate  and 
carbonate,  or,  in  other  words,  bone  formation. 

Osteomalaciaj  bone  consumption,  is  in  certain  respects  the  reverse 
of  rickets.    If  in  rickets  we  find  a  deficient  precipitation  of  insol- 
uble lime  salts,  in  osteomalacia  we  have  the  eating  away  of  existing 
bone.    Osteomalacia  occurs  most  frequently  during  pregnancy,  dur- 
ing which  even  under  normal   conditions  the  teeth  may  suffer. 
Osteoporosis,  the  bone  consumption  of  the  aged,  which  is  especially 
noticeable  in  the  skull,  belongs  to  this  group.     Here,  too,  we  must 
reject  the  theory  of  the  deficient  introduction  of  lime  salts,  as  it  is 
contradicted  by  all  metabolism  researches.     We  are  much  more  in- 
clined to  accept  a  dissolving  away  of  calcium  phosphate  and  carbon- 
ate, especially  by  acids.     Since  the  oxidizing  processes  are  deficient 
and  the  circulation  functionates  less  perfectly,  an  accumulation  of 
acids  is  not  surprising.     MAGNUS  LEVY  has  raised  the  objection  to 
this  "acid  theory"  that  the  proportion  of  the  calcium  phosphate  to 
calcium  carbonate  is  the  same  in  osteomalacic  as  in  normal  bones. 
He  placed  normal  bones  in  lactic  acid  and  found  that  much  more 
carbonate  than  phosphate  is  dissolved  away,  and  from  this  he  con- 
cluded that  the  "acid  theory"  was  useless.     This   objection  can- 
not be  allowed.     If  acid  diffuses  from  any  direction  into  a  mixture 
of  calcium  carbonate  and  phosphate  imbedded  in  a  jelly,  the  acid 
advances  only  to  the  extent  that  it  has  previously  dissolved  away 
all  the  carbonate  and  phosphate;  this  was  shown  experimentally 
by  R.  LiESEGANG*2  (assuming,  of  course,  that  an  acid  stronger  than 
phosphoric  acid  is  employed).     As  may  be  readily  seen,  the  result  of 
the  experiment  depends  entirely  upon  the  conditions;   at  any  rate 
the  contribution  of  MAGNUS  LEVY  cannot  count  against  the  "acid 
theory." 

Concrements. 

In  various  pathological  processes  we  find  in  the  body  cavities  of 
animals  and  men,  structures  varying  in  size  from  that  of  a  grain  of 
sand  to  that  of  a  fist,  and  which  have  developed  without  the  help  of 
cells.  Such  precipitates  are  called  concrements.  We  find  them  as  renal 
gravel,  urinary  calculi,  gallstones,  brain  sand  (in  the  lymph  spaces  of 
the  brain),  rice  bodies  in  the  exudate  of  diseased  joints;  as  the  pearl  of 
the  pearl  oyster;  and  similar  formations  which  are  found  at  times  in 
cocoanuts,  in  view  of  their  structure,  can  be  considered  nothing  else. 

The  common  characteristic  of  all  concrements  is  that  in  addition 
to  the  special  characteristic  ingredients  (urates  and  cholesterin)  they 


always  contain  albuminoid  elew  fit  a'M  fb«  \  •»  *.  «i  *  him  a  cal> 
and  radial  struct  urr.  The.-e  ionaa''*»u  ,.u  *  MI  t  i  ii»  4  \\jth 
esj>eeial  fan*  by  II,  Snruu  a-  «.*  il  a  .  I  I  i»  a  i  u  n  ? 

In  tin*  following  page.',  we  *irU!  con  t«l«  r  lit    t»  j  ;   *  **;  *ina  i*  \  afid 
Iiiliary  calculi  from  flu*  Mandpotnf  «»'»'  ***»  ||¥    !  *•!»' 


iliil»!i»  hy  (In*  a*l«lut*»u  «*s  i»*f  *  ^n  i  «ni!i?      mifh 

f»inulsit)n  of  riiltniiiii  fiiit*  jiliat*    ah«I  «'ii*"oin  \u^*tM^       \\  Ji<  u 

i*t»agulalt.Hl  ihi*  in*%H,s  hy  flit-  a<l*h!inn  «N  <  a*  -  *  x,.u**  ^  *V    luiitt 

which,  whm  |>n*st*rvi*il  tu  -alt  M»luti*Mi  -it  lit  I?.u4   jn^  iM<  i  ^n 


Fibrin  was  iilist»iiitfly  ti**if»  ^-:tr\  ,  >»f   ii«*iii  no*    tti  it  i 

plasma  «lilut«»<!  t«4it  tim«  ••  ^»i!li«Mi  l*»  t*^.t«iu^*  ,i  .  »  i»*  i!  ?*<  «n   ,uni  tin 

phcnomrutm  WIIH  tlif  ^»um    if  it«*utial 

itwti»ml  of  |tliy.si«ili» 

Ily  rhaiiRiiiR  t!i<* 

it  is  not  tliHtt'ult  ti>  j»n«|ti«^'  'fiafifp*!    ti  ii*fm      i»   «  jui>',M'i*    nu.an 
ralcnilt.     This  stiiiilurtt  \  i^  itul  aiuo*     uj*  ih»".  ^  *  «*«       JNtiai  *  al  "lit 
liavn  hr*t*u  n*jH*attHUv  luititf!  tilirii  fttii1    nil   of*   IL  i  PU  u-  1  I*  flu 
initial  slug***  uf  ihtvM*  ntt  tht'i«ii    fulil   •     \\h»*)i  1  ?'«*  MM  uu,  Ja*    r  i) 
franu'Wtirk  uf  natural  ttiiitnr\  laimh     »  «   !*i,§^    II,  I  *»•    ,»I    r*»n  i  t 
of  fibrin  is  still  an  o{»ifii  <|iir.!tim,  fh*»i'«^  fti'i     i>  i<n^li  iu  ta,i»i 
of  this  viinv,     Amwliui?  to  II.   <«iiiin    t»»»    h»imi»j»M   *»!   una-ti 
raloult   in   somewhat    a     fnllm%   ,    i¥n,i  *  iluni    ml     »i  it«  hii4*  uf 

KimnltaiUHiusly  or  in  Ho  ««  MUH»I»  .-iiun  hrtal  m*i  h^»i«  t  lu  ?h»- 
n»jH*tition  of  snrh  prori*  *>*  lav«i  foiut,  ih*  f*#u  t*ii»^  ,  nnl  «i«tir 
a  while  ht't*om<*s  ston\  lmr«l,  !«*«  a»»'«  th»  ii\ 
into  large  crystal  uu^re^ut*  aint  tal«*  on  a  n»Uu  .IM<'*  in 
lesson  for  therapenti  f  ^  i  ,  tint  not  <*iih  mu  f  ffi*  /i*ui>  t^*»u  ni 
crystal  loi<{  setliment  »  fir  pri^enfetl,  Iml  al  *  tb  )*.»  ir  *»;  *  Mut  m* 
nimilar  colloiils  int.4»  flu*  tiriti«%  \!oii»%  .IMIMM  *  inn*  ?if  tonu  a 
crumblinjj;  mass,  (*alruln'-*  format  iuu  i  j»o  il*!«  *IUH  }•,  i^/  m  oi 
(!olloi(iiil  "mortar.** 

(latlxttMM  (biliary  calcnli):  (tiUMoneM  very  wiilrly  in  ihrir 

ch<kmical  com|H>sitic»n.  \Ve  reco^ntKi'  tht»**e  wliirli  merely  rmi^i'4  ui 
choltwfarin  iwtil  others  which  coutnin  only  rulmiw  liilirtilnn;  I  t«-t  \vfi-ts 
these  extreme  forms  occur  all  sortM,  eon^iHtin^  of  iui\tm*i^  uf  thr^r 
two  chief  constituents  with  tilbumtnoiLs  iititlniiil, 

Without  goiitg  into  the  indiviilual  rcH^ni-H,  it  be  ?^ii*l  that, 

aec»or<Iiiig  to  IL  HIIIAUK,  cholc*t<*rin  iijijinii^  to  fir  iiin^ilvni  in  the 
bile  iw  a  hyilrophile,  awl  eulcium  biHrubiu  IM  a  hytlropbo)n-  colloiil, 
It  must  also  be  note*  I  that,  !*c.*i<ics  the  ehohite?*.  th**  bile  contain^ 
Halts  of  the  fatty  adds,  lecithin  tnuriftuu.s  Hiit^tanceM  which 
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must  partly  be  regarded  as  solvents  for  the  gallstone  material. 
('A<j/«\s/<r/«  precipitates  in  individual  crystals  from  a  supersaturated 
aqueous  solution  of  eholntes;  however  a  few  drops  of  an  oil  suf- 
fice to  cause  precipitation  in  an  amorphous  clump  very  similar  to 
the  *'myelin  clump"  which  NAUNYN  described  as  the  (uranlage) 
"/>rm/w*r  of  gallstones'1  (Plato  II,  Fig.  52).  After  a  few  days, 
radiating  crystallisation  starts  from  the  center  (Plate  II,  Fig.  53), 
oil  droplets  are  released  and  may  again  give  rise  to  oil-eholesterin 
precipitates.  In  this  way  may  be  prepared,  artificially,  hard  or  more 
or  less  plastic  eholesterin  stones,  such  as  rarely  occur,  however,  in  the 
gall  bladder,  The  presence  of  fats  or  fatty  acids  is,  therefore,  a 
requisite  for  their  format  ion.  For  the  precipitation  of  eholesterin 
it  is  only  necessary  that  the  substances  which  hold  it  in  solution, 
the  eholates  and  salts  of  the  fatty  acids,  be  destroyed.  A  priori, 
a  supersat  unit  ion  with  eholesterin  is  brought  about  in  all  processes 
that  interfere  with  the  normal  alkaline  reaction  of  the  bile,  especially 
infection  with  H.  eoli,  B.  typhosus,  H.  pyoeyaneus  and  B.  proteus. 
1  am  inclined  to  accept  the  view  of  L.  LicuTwrrz*1  that  the  acid  for- 
mat ion  of  these  bacteria  is  chiefly  responsible  for  the  breaking  down 
(tfrholat.es  and  WM/JN,  sinre  staphylococ.cus  aureus,  which  does  not  form 
aeid»  causes  no  separation  of  eholesterin.  The  precipitation  of 
eholesteriu  can  also  be*  caused  by  sterile  autolysis  as  well  as  by 
rendering  lews  favorable  the  conditions  requisite  to  solution,  since 
cholafcs  are  absorbed  by  the  walls  of  the  gall  bladder  if  the  bile 
stagnates  there  (congestion). 

Hitirulrin  fonns  amorphous  precipitates  with  lime  salts  which 
normally  do  not  sediment  out  in  the  bile.  In  the  presence  of  al- 
bumin and  fibrin,  under  conditions  as  yet  not  accurately  studied, 
calcium  bilirubin  may  precipitate  and  include,  the  albuminous  in- 
gredients, giving  rise  to  clumps  which  in  their  cheesy  structures 
are  wry  like  natural  calcium  bilirubin  stones  (Plate  II,  Fig.  54). 
In  my  opinion  the  neutral  or  faintly  alkaline  reaction  of  the  bile 
ix  essential  for  the  development  of  a  calcium  bilirubin  stone  as  op- 
IKW!  to  the  eholenterin  ntones,  which  require  acidity.  H.  SCIIADB* 
considers  that  catarrhs,  inflammatory  and  strongly  exudative  proe- 
esses  in  which  much  lime  enters  the  bile  are  responsible  for  the 
formation  of  calcium  bilirub'm  stones;  this  view  explains  the  occur- 
renre  in  them  of  albuminous  ingredients. 

hi  Home  of  the  so-called  mixed  forms  there  may  be  an  alternation 
of  processes  which  condition  the*  separation  of  eholesterin  and  of 
calcium  Inliruhin. 

An  answer  to  the  quentkm  whether  a  simultaneous  precipitation  of 
eholcwti'rw  and  calcium  biliruhin  may  occur  would  be  very  interesting. 
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It  follows  from  this  in  contradiction  to  previous  views  that  the 
blood  in  gout  is  frequently  supersaturated  with  monosodium  unite. 
According  to  the  analysis  of  (}.  KLKMPKHKK,  MAUNUS-LKVY  and 
SALOMON,  the  uric  acid  content  of  the  blood  in  gout  varies  between 
30  and  iSO  ing,  per  liter,  whereas  in  normal  blood  at  most  only 
traces  of  uric  acid  can  be  demonstrated.  When  the  content  reaches 
25  mg.  of  sodium  unite  per  liter  of  blood  serum,  every  further  addi- 
tion must  be  associated  with  a  deposition  of  sodium  unite,  provided 
unite  nuclei  art*  present.  We  thus  sen*  that  the  serum  colloids  art* 
of  great  importance1  for  the  solution  of  sodium  unite  in  the  blood 
and  in  preventing  its  deposition  in  gouty  processes.  [STANLEY  It. 
HMXKIWT  in  his  Harvey  Lecture,  1915  1910,  p.  302,  discusses  the 
presence  of  two  forms  of  uric  acid  in  blood,  lit*  determined  ten 
times  the  amount  of  uric  acid  originally  obtained  by  the  preliminary 
boiling  of  the  protein  free  filtrate  with  hydrochloric  acid.  The  prob- 
able destruction  of  a  *' protective"  substance  is  quite*  apparent. 
This  aspect  has  an  important  bearing  on  uric  acid  determinations  in 
nephritis  and  out.  Tr.| 

The*  influence  on  these  processes  exerted  by  radium  cmnnntionti 
which  inhibit  the  deposition  of  sodium  unite  from  supersaturated 
stTum  (II.  HKt'iiunu)  and  J.  ZiKULKit*4)  deserves  the  attention  of 
students  of  colloids. 
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In  order  to  grasp  these  figures  F.  HOFMEISTER  shows  how  a  struc- 
ture might  be  erected  whose  molecules  are  bricks,  not  to  exceed  in 
number  200,000  milliards,  of  which  200  milliards  colloid  molecules 
with  a  portion  of  the  salt  molecules  form  the  walls,  roof,  ceilings 
etc.,  whereas  the  water  molecules  with  the  remaining  crystalloid 
molecules  fill  the  rooms,  halls  and  corridors.  If  such  a  structure  had 
the  enormous  average  height  of-  50  meters  it  would  cover  a  ground 
space  7000  square  kilometers  or  one-half  the  area  of  Alsace-Lorraine. 
It  is  evident  that  the  compexity  of  the  molecular  structure  of  a  cell 
baffles  our  powers  of  description. 

A  cube  with  edges  O.lju  which  is  much  smaller  than  the  limits  of 
microscopic  visibility  contains  25  million  molecules  of  water,  25 
thousand  molecules  of  colloidal,  and  250  thousand  molecules  of 
crystalloidal  substance,  which  under  the  same  conditions  would  cor- 
respond to  a  building  100  meters  front,  20  meters  high  and  20  meters 
deep. 

Protoplasm. 

Until  recently  there  was  little  definite  knowledge  concerning  the 
colloidal  nature  of  protoplasm,  that  is,  whether  it  was  fluid  or  gela- 
tinized. It  was  known  that  after  the  fragmentation  of  yeast  cells  it 
was  possible  to  press  out  a  juice  containing  various  enzymes,  and 
that  meat  juice  obtained  in  a  similar  manner  contained  albumin. 
In  the  case  of  yeast  it  may  be  inferred  that  the  protoplasm  contains 
sols,  but  in  the  case  of  muscle  such  an  inference  is  met  by  the  objec- 
tion that  the  albuminous  substance  may  have  arisen  from  the  blood 
serum  which  bathes  the  muscle  fibers.  The  facts  that  portions  of 
cells  form  drops  and  that  foreign  fluids  in  protoplasm  assume  spherical 
shapes  likewise  point  to  the  fluid  nature  of  many  protoplasms. 

Most  of  the  numerous  investigations  concerning  the  physical 
nature  of  protoplasm  are  at  present  of  mere  historical  interest, 
since  the  ultra/microscope  has  solved  many  of  the  main  questions  or 
has  placed  us  in  a  position  to  do  so  in  the  future.  One  of  the  most 
important  criteria  for  differentiating  between  a  sol  and  a  gel  x  is  the 
presence  of  Brownian  movement.  If  it  is  possible  to  observe  an 
oscillatory  movement  in  the  granules  of  a  cell,  such  granules  must 
be  in  a  fluid  medium;  if  they  are  motionless  the  medium  must  be 
either  a  gel  or  very  viscous.  If  we  observe  that  the  oscillating 
movement  has  ceased,  it  means  that  the  fluid  has  gelatinized. 

Numerous  ultramicroscopic  observations  of  cells  have  been  pub- 
lished. Plant  cells  have  been  studied  most  carefully  by  N.  GAID- 
TJKOV.*  He  studied  the  pollen  hairs  of  tradescantia,  myxomycetes 
(slime  fungi),  the  cells  of  various  algae  (spirogyra,  cladophora,  oedogo- 

i  rThAro  is  r\o  sham  linp.  hfitwfifin  sol  and  erel.     The  more  viscous  the  medium 
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in  the  ge*l  condition,  the  one  in  which  we  usually  find  it  in  cells 
according  to  BOUOWIKOW. 

With  the  occurrence  of  death  protoplasm  gelatinizes,  Brownian  move- 
ment of  the  smaller  particles  ceases,  and  the  structure  of  the  gel 
appears  in  the*  uitramieroseopc  as  a  conglomeration  of  many  re- 
flecting platelets.  It  makes  a  substantial  difference  whether  the 
protoplasm  slowly  dies  or  is  suddenly  killed  by  a  fixative  (alcohol, 
formalin,  etc.).  In  the  first  instance  there  is  a  precipitation  (lloccu- 
lation),  whereas,  in  the  latter  there  is  a  stiffcntny;  this  difference 
may  be  readily  recognised  under  the  ultramicroscope. 

From  this  we*  may  understand  why  a  dead  plant  cell  simply  bursts 
in  water,  for  the;  defects  are  no  longer  repaired  from  within.  The 
cell  contents  have  been  already  gelatinized.  Chlorohlasts  (chlorophyl 
granule's)  may  be  assumed  to  possess  colloidal  properties  similar  to 
protoplasm;  only  it  seems  the  latter  are  more4  delicate  (  PONOMAIUCW). 
The  living  protoplasm  of  many  animal  cells,  however,  seems  to  exist 
as  a  net.  At  least  in  monoecllular  organisms,  blood  cells,  etc.,  A. 
MAVKU  and  («.  SCHAKKKKK*  could  not  discover  any  Brownian  move- 
ment of  certain  granules. 

On  account  of  the  groat  differentiation  of  animal  colls,  more  com- 
prehensive investigations  must  be  awaited;  thus  it  appears  to  me 
probable  that  rod  blood  colls  have1  viscous  contents  (see  p,  305). 

The  Nucleus. 

We  know  even  loss  about  the  colloidal  nature  of  the  nucleus  than 
of  protoplasm,  Ultramieroseopteally,  the  nucleus  appears  to  be  a 
complex  of  hydroHols  containing  larger  particles  and  to  be*  quite 

poor  in  water.  This  corresponds  well  with  the  picture  produced  by 
staining. 

The  colloids  of  coll  protoplasm  seem  to  bo  rather  indifferent 
chemically;  they  are  poorly  stained  by  both  acid  and  basic  dyes. 
The1  nucleus,  or  more  properly  the  ehromatin  substance,  seems  to 
POHHCHH  pronounced  acid  properties,  which  an*  manifested  by  its 
intense  staining  with  basic  dyes  (see  A.  KUHHEI.*). 

The  Cell  Membrane  and  the  Plasma  Pellicle. 

The  cell  pellicle  imparts  its  shape  to  the  fluid  protoplasm  which 
otherwise  would  be*  spherical  as  the  result  of  surface  tension.  Tin* 
cell  pellicle  occurs  in  plants  especially .  In  animals  art  interior 
skeleton  or  a  spongy  framework  may  determine  shape.  Theory 
requires  an  additional  invisible*  plasma  pellicle  as  bounding  tin* 


280  VOLWUM   IS   MOMMY   ,i,Y/>   .WA7>/f  7.Y# 

protoplasm.  Formerly  from  an  interpretation  of  tin*  e\|>erimental 
furls  us  pure*  osmosis,  tin*  pellicle  was  considered  semipermeable, 
that  is,  permeable  for  water  but  imiwnueable  for  everything  rlsi*. 
This  view  is  theoretically  untenable  since  the  cell  rcquuvs  numerous 
substances  anil  there  must  also  he  ait  exit  fur  excreta,  As  a  matter 
of  fact,  the*  studies  of  recent  years  have  shown  that  tin*  plasma 
pellicle  is  by  no  means  as  impermeable  for  many  substance*  as  was 
assumed.  The  attempt  has  heen  made  to  decide  its  chemical  and 
physical  condition  front  the  nature  of  the  substances  \vhirh  pass 
through  it. 

The  statements  on  page  UK  I  show  that  there  is  no  uniform  opinion 
as  to  whether  the  plasma  pellicle  consist*  of  jillitiiitiitiiiiH  or  lipoid 
substance  or  a  mixture  of  both.  In  my  opinion  it  dtftVrs  in  each 
instunc'**  depending  <*n  the  contents  of  tip*  ci«ll,  Uowi*vi*r,  rolioid 
n»st»a-rch  oflVrs  at  lt*ast  it  fouiulution  for  H  concrpttttn  «>f  thr  plasma 
pelliclt*. 

Itt  animal  wit  a*  with  few  exceptions,  we  can  di*covrr  no  fueitibrattt*, 
yel  many  of  their  properties  indicate  thai  flu-y  a|s«»  pitMsr^.s  sinnr  sort 
of  a  pellich*.  ( 'olloid  chemistry  wives  us  a  baMs  J'or  tin*  r\platt:itiou  of 
such  pheiioinemi,  The  conditions  are  most  simpit*  u-h«*i»  ttir  rellN  nn* 
Hurnnmdcd  by  air.  We  know  frmn  pau«*  IM  that  colloid^  ronreiitrnte 
and  unite  into  a  firm  skin  at  ait  interface,  fluid  *iir.  Tit**  proeess  is 
much  more  complicated  in  the  case  of  cells  iu  u  fluid  or  ^emifluid 
medium.  Let  us  recall  the  following  expcrmtettt ;  If  ether  IN  stmken 
with  water  coutuininK  albumin  or  atbuiuost*.  there  will  form  n  foam 
eonniHthig  of  drops  of  ether  surrotuideil  by  albumin  or  albunio>e  films, 
( 1t»rtain  other  <*<»lt(»ids  and  Hitt<h  penult  the  funtmtiott  tit"  fluid  founts, 
which  have  unmistakable  Huuilaritti^  to  ntttfitmtemtions  uf  cells, 

Although  this  analogy  tuny  lit  first  neem  entirely  .fiuperfirtal, 

we  must  reineml«»r  that  the  intrrfarr  between  two  immiscible 
fluids  and  between  a  fluid  containing  snli«l  or  seinisoltil  imdirH  j^eh, 
jH)Hsesst»H  oilier  properties  than  dt»r^  tin*  inti*ri«»r  i*ee  jiji,  i-i  I7, 
tft  unj, ).  The  surface  of  a  cell  tnnxt  have  npecial  |»ru|*ertit**;  such  nub- 
Htancen  as  shall  lower  thesurfac**  tt*n*iioit  must  collect  there.  Tiww 
Hubstanres  are  probably  lipoids  if  lecithin  nnd  chol«*Merin'  ivhirli  havi* 
been  demons mtcd  in  every  cell,  aniittal  a*  well  as  vegetable.  The 
thiekiH'HH  of  the  transit  it  tn  Inyer  vari<%  act*t»rdiuu  to  iliiTerent  *ib- 
nervers  of  different  substances,  front  I  to  2a  ^\  wltereas  the  thick- 
ness of  the  material  rn/irrml  /wllt'i'lr  «;Ii*«*itliiit,  etc, ;  doi*s  not  need  to 
b«*  thicker  than  from  IK.I  to  7  iiju.  Ili^sr  itn*  tniniftial  tigures  which 
show  that  n  inentbrane  may  be  entirely  invisible  with  flu4  microscope 
and  yet  fulfil  all  flu*  conditions  of  a  true  membrane  a*  far  a*  tin* 
transfer  of  iiiittrriiU  is  <H*ttet*riM'd. 
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In  brief  our  conclusions  so  far  arc:  Every  cell  at  its  surface 
possesses  a  memhrane  which  is  dependent  upon  the  composition  of 
the  interior  of  the*  cell.  This  membrane  may  be  visible  and  may 
have  been  formed  through  i\w  ydatinization  of  the  cell  protoplasm  at 
the  periphery.  It  may,  on  the  other  hand,  be  so  thin  as  to  be  in- 
visible, being  formed  by  the  concentration  and  spreading  out  of  such 
albuminous  and  fatty  colloids  as  diminish  the  surface  tension  of  the 
coll  rout  cut  at  the  interface.  The  roll  membranes,  developing  as  a  result 
of  the  i/elatinizntion  of  cell  protoplasm,  are  at  first,  in  j/outh,  expansile 
and  elastic;  with  increasing  aye  those  membrane  colloids,  depending 
upon  their  environment  and  upon  chemical  influences,  or  as  a  result 
of  inert*  rollout  aging  phenomena,  become  poor  in  -water  and  lose  their 


[In  his  c<  <  tw\vth  and  Form/'  Cambridge,  1017,  IVAitcY  W.  THOMP- 

SON invokes  the  aid  of  colloid  phenomena  in  discussing  the.  dynamics 
of  cell  life.     Tr.l 


CHAPTER  XVII. 

THE  MOVEMENTS   OF  ORGANISMS. 
The  Movements  of  Lower  Organisms. 

FREEDOM  of  the  will  is  still  a  problem  in  philosophy,  and  even  the 
investigation  of  the  purely  reflex  phenomena  and  actions  of  higher 
organisms  is  still  entirely  in  the  stage  of  observation  and  measure- 
ment. In  any  case,  it  is  still  impossible  to  connect  the  external 
stimulus  and  the  resultant  action  by  a  series  of  obvious  physical  and 
chemical  processes. 

It  is  otherwise  in  the  case  of  the  movements  of  certain  portions  of 
plants  and  of  the  lowest  organisms,  especially  certain  amebse  and 
their  relatives,  our  symbiotic  blood  fellows,  the  leucocytes.  In  this 
case,  opportunities  are  offered  for  an  exact  explanation  of  their 
movements  and  actions;  but  even  here  analogies  must  frequently 
carry  us  over  gaps. 

It  is  customary  to  refer  to  such  regulated  movements  of  lower 
organisms  and  portions  of  plants  as  tropisms.  [In  this  connection 
reference  should  be  made  to  the  discussion  on  "  Animal  Instincts  and 
Tropisms  in  the  Organism  as  a  Whole/'  by  JACQUES  LOEB.  G.  P. 
PUTNAM'S  SONS,  1916.  JOHN  HAYS  HAMMOND,  JR.,  has  constructed 
heliotropic  machines  which  follow  a  lantern  in  the  dark.  The 
"retina  "  consists  of  selenium  wire  which  changes  its  galvanic  resist- 
ance when  illuminated.  Tr.]  We  speak  of  heliotropism  when  certain 
plankton  organisms  swim  toward  the  light  or  when  a  tree  or  a  flower 
grows  toward  the  light.  We  speak  of  positive  thermotropism  if  a  root 
grows  in  the  direction  of  a  heat  stimulus,  of  negative  thermotropism 
when  it  grows  away  from  it.  Every  fact  in  this  connection  is  not 
only  valuable  in  explaining  the  subject  but  serves  as  well  to  enrich 
the  meaning  of  the  term  "stimulus."  "Stimulus"  is  an  expression 
employed  in  biology  wherever  the  more  profound  causes  are  not 
evident. 

MARTIN  H.  FISCHER  has  already  indicated  how  tropisms  may  be 
explained  in  analogy  to  curling  sheets  of  gelatin. 

TH.  PARODKO  contributed  extremely  valuable  studies  on  plant 
tropisms.  He  stimulated  growing  roots  from  one  side  and  they 
became  crooked.  The  stimuli  were  chemicals,  heat  and  traumata. 
He  concluded  that  all  these  tropisms  might  be  explained  by  protein 
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coagulation  in  the  affected  cells.  All  substances  and  concentrations 
which  salt  out  or  precipitate  protein  proved  to  be  chemotropic.  In 
connection  with  positive  and  negative  chemotropism,  salts  of  the 
alkalis  and  earth  alkalis  could  be  arranged  in  a  lyotropic  series  similar 
to  that  we  have  repeatedly  found  in  the  precipitation  of  albumin  and 
the  swelling  of  gelatin,  fibrin,  etc.  The  salts  of  the  heavy  metals 
act  still  more  strongly  and  always  negatively  chemotropic. 

Those  movements  which  are  manifest  as  general  effects  are  still  the 
most  accessible  to  investigation. 

When  placed  between  electrodes,  bacteria,  spermatozoa,  yeast  cells 
and  red  and  white  blood  corpuscles  migrate  to  the  anode;  ameb^e 
pass  to  the  cathode.  Although  organized  suspensions  and  colloids 
migrate  either  to  the  anode  or  a  few  (e.g.,  iron  oxid  hydrosol  and 
aluminium  oxid  hydrosol)  to  the  cathode,  hydrophile  organic  colloids 
such  as  thoroughly  dialyzed  albumin  and  gelatin  pass  in  no  definite 
direction  when  placed  in  an  electric  field;  they  acquire  a  definite 
direction  only  by  the  addition  of  electrolytes.  OH  ions  cause  an 
anodal  and  H  ions  a  cathodal  migration.  Since  the  organisms 
mentioned,  considered  as  a  whole,  are  hydrophile  organic  colloids, 
we  must  assume  that  their  direction  of  migration  in  the  electric  field 
is  determined  by  the  ions  clinging  to  them.  Normal  albumin  with 
a  content  up  to  0.01  normal  NaHC03  still  migrates  to  the  anode. 
We  need  not  be  surprised,  therefore,  that  the  majority  of  micro- 
organs  and  microorganisms  also  migrate  to  the  anode.  The  problem 
reduces  itself  to  determining  the  direction  taken  by  pure  albumin. 

The  cathodal  migration  of  amebae  is  remarkable  and  requires  more 
thorough  study.  Equally  remarkable  is  the  fact  observed  by  H. 
BECHHOLD,*  as  well  as  by  M.  NEISSER  and  U.  FKIEDEMANN,*  that 
agglutinated  bacteria  lose  their  direction  of  migration  (p.  205), 
agglutinin  having  produced  a  neutralization. 

Following  the  ideas  of  G.  BERTHOLD,*  we  are  nowadays  tempted  to 
explain  by  a  simple  formula  certain  individual  movements  of  the 
lower  organisms  and  of  leucocytes;  that  is,  by  changes  in  surface 
tension.1  A  fluid  or  semifluid  structure  which  is  constantly  under  the 
stress  of  surface  tension  assumes  a  spherical  form,  as,  for  instance,  oil 
in  a  mixture  of  alcohol  and  water.  If  such  a  drop  is  placed  between 
two  other  phases,  a  change  in  form  occurs,  and  with  it  a  movement. 
A  drop  of  oil  on  the  surface  of  water  spreads  out;  every  moistening 
brings  about  an  enlargement  of  the  surface,  a  spreading  out  upon  the 
moistened  body  (see  p.  17).  A  structure  may  suffer  a  change  of 
surface  tension  in  some  single  spot,  locally,  so  that  a  movement 

1  A  full  bibliography  is  given  in  L.  RHUMBLER'S  "  Zur  Theorie  der  oberflachen 
krafte  der  Amoben":  Zeitschr.  f.  wissensch.  Zoologie,  83. 
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occurs;  this  may  be  induced  for  instance  by  an  electric  charge, 
chemical  reactions  and  the  like.  Thus  a  structure  may  retain  its 
general  spherical  form  yet  increase  its  surface  at  some  single  point, 
flattening  out,  putting  out  limbs,  pulsating,  making  slight  movements 
which  may  be  explained  purely  by  physical  chemistry.  The  vital 
phenomena  of  amebae  and  of  leucocytes  which  are  evidenced  espe- 
cially by  movements  of  the  plasma  may  be  regarded  as  changes 
in  surface  tension.  Portions  of  plasma  (pseudopodia)  are  far  ex- 
tended and  the  remainder  of  the  body  follows  them,  so  that  move- 
ments of  progression  arise.  Sometimes  the  pseudopodia  surround 
foreign  bodies,  a  starch  granule,  a  bacterium  or  the  like  and  draw  it 
into  the  ameba  or  leucocyte;  ingestion  of  food  thus  takes  place. 

The  migrations  of  an  ameba,  according  to  L.  RHUMBLER,  may  be 
deceptively  imitated  with  a  drop  of  chloroform  in  the  following 
way:  A  Petri  dish  is  covered  with  an  alcoholic  solution  of  shellac 
and  the  excess  is  poured  off,  so  that  after  a  few  minutes  the  shellac 
layer  is  superficially  hardened.  Boiled  water  is  then  poured  into  the 
dish  and  a  drop  of  chloroform  dropped  on  the  shellac  with  a  pipette. 
Immediately  the  drop  begins  its  characteristic  migration,  especially 
if  it  is  pushed  with  a  glass  rod  inserted  between  the  chloroform  and 
the  shellac  layer.  The  phenomenon  is  explained  as  follows :  a  marked 
surface  tension  develops  between  the  chloroform,  the  water  and  the 
moist  shellac  layer;  soon  chloroform  and  shellac  commence  to  be 
moistened  at  some  point  and  at  this  point  the  surface  tension  of 
the  chloroform  is  lowered  and  it  seeks  to  spread  itself  out.  In  this 
way  the  chloroform  drop  progresses  in  a  way  similar  to  the  flatten- 
ing of  the  advancing  margin  of  an  ameba.  The  thin  shellac  layer 
is  dissolved  by  the  chloroform  flowing  over  it,  so  that  the  path 
traversed  by  the  drop  "appears  as  if  cut  out  of  the  shellac."  Still 
more  deceptive  is  the  similarity  of  movement  if  one  does  not  take  a 
surface  entirely  covered  with  shellac,  but  prescribes  the  path  of  the 
drop  by  a  fine  shellac  line  and  retards  the  movements  by  the  ad- 
dition of  Canada  balsam  or  neat's-foot  oil  to  the  chloroform.  Ac- 
cording to  the  proportions  of  chloroform,  size  of  drop,  thickness  of 
the  shellac  layer  and  the  degree  of  its  dryness,  the  movements  may 
imitate  the  most  diverse  kinds  of  amebse.  If  a  drop  of  chloroform 
is  placed  on  a  spot  of  shellac  which  branches  in  various  directions, 
an  imitation  of  the  spreading  of  pseudopodia  is  obtained.  The  tak- 
ing up  of  nourishment  (taking  up  of  oscillaria  threads  by  ameba 
verrucosa)  may,  according  to  L.  RHUMBLEB,  be  imitated  when  a  drop 
of  chloroform  in  water  comes  into  contact  with  a  thread  of  shellac; 
the  drop  completely  envelops  the  thread  of  shellac  and  rolls  it  up 
into  itself. 
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At  times  small  ameke  an*  pursued  by  larger  ones,  the  former 
change  their  direction  and  their  speed,  the  pursuer  continues  its 
journey  and  catches  its  prey,  which  may  again  escape,  and  the 
pursuit  continues.  All  these  processes  are  explained  according  to 
L.  Rm'.\tifLKiis  without  invoking  a  conscious  intelligence  and  pur- 
poseful movements,  by  the  trail  left  behind  by  the  pursued  ameba,  just 
as  the  chloroform  drop  pursues  the  track  of  shellac  mentioned  above*. 

Though  the  movements  are  so  similar  and  the  explanation  by 
changing  surface  tension  in  so  dear,  we  arc*  still  forced  to  enquire 
how  the  surface  tension  of  ameba*  and  leucocytes  is  changed.  An- 
alog}* is  quite  absent  in  the  character  of  the  substances  whose  sur- 
faces are  in  contact  and  in  the  physical  process  (solution  of  the*  shellac.) 
that  taken  place.  It  WOH  assumed  that  substances  which  diminish 
surface  tension  (for  instance,  soaps,  albuminateH,  L,  MU.UIAKLIS)  form 
at  the  |H)int  of  motion  and  then  break  up  again.  Though  a  defmito 
demonstration  IUIH  not  been  possible,  I  shall  discuss  an  hypothesis  o£ 
L,  HntMruKKM)*  which  hun  much  to  recommend  it  in  certain  eases. 
We  know  that  an  electric  charge  depresses  the*  surface  tension  (see 
p.  87)  but  the  question  is  whether  the*  development  of  an  electrical 
charge*  at  any  [xnnt  of  a  mann  of  protoplasm  is  conceivable.  Let 
us  consider  the  oireurnHtaneoH  under  which  a  bacterium  approaches 
an  ameba  that  puts  out  a  pHeudojxHlium,  envelops  the  bacterium 
and  draws  it  in.  Between  two  electrodes,  amohio  migrate*  to  tho 
cathode  and  bacteria  to  the  anode.  II  ions  diminish  surface  ten- 
sion, causing  the  extension  of  pneudopodia  an  demonstrated  by  tho 
plentiful  formation  of  psouelojMMlia  ujKm  fixation  with  osmic  acid; 
Oil  ions  cau.sc  an  increase  of  surface*  tennion  and  a  retractiem  of 
pHeudopodia.  If  we  imagine*  a  bacterium  to  be  a  negatively  charged 
particle  which  given  of!  II  ions,  by  dirtrtoeiation  it  will  lower  the*  surface) 
tension  at  the  presenting  point  of  the  nmeba  and  occasion  the*  appear- 
ance of  p,4cudojH»dift,  When  tho  bacterium  in  Hurrcmndccl,  there*  in  an 
equaltjsafiem  of  charge,  the  surface  tension  in  rained  and  the*  pse»uelo- 
podium  in  retracted  with  the  bacterium.  L.  HutH<?u*m,i>  attributes 
the  positive  charge  of  amo.tnt*  to  the  exere»tion  of  CO8.  If  tho 
motalx>li*m  of  ttte  amoha  w  impaired,  the*  formation  of  (.X)3,  and 
with  it  the*  mobility  of  the  ameba,  are  dhninwhed.  What  occurs  in 
the  caw*  of  fimebit*  may  be  applied  to  tho  Hpeenal  cane  of  ph 
It  wan  the  jiheiicimena  cKTurrtng  in  amobu*  that  led  KUK 
Kt>Kr  t<>  hb  fun<bunt»titai  8tmlie*H  on  phagocytes,  scavtjnger  eu*llH. 
Than  he  mimt*H  ntich  whiUi  blixxl  c«rpuae*leH  as  attack  by  taking  up 
mid  digesting  mierofirgtiniHmM  entering  the*  blood  stream.  They  are! 
the  flefewtiiig  tinny  of  tho  orgaiiiHin,  aiul  arconling  tei  Iv  MKTC'UNI- 
the  inoHt  impcirtaiit  woa{>ou  iu  the  fight  against  iHnottrte  germs. 
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L.  HIRSCHFBLD  is  supported  in  his  theory  by  the  statement  of  H. 
BECHHOLD*  that  lactic  acid  (H  ions)  increase  the  phagocytic  activ- 
ity of  leucocytes,  whereas  alkalis  (OH  ions)  are  without  such  effect. 

This  introduces  us  to  one  of  the  most  important  fields  as  yet  [al- 
most] untouched  by  colloid  mvQsiig&tionkchemotaxis,  the  experimental 
study  of  which  from  modern  viewpoints  ought  to  prove  most  promising. 

In  1884;  E.  STAHL  and  DB  BARY  on  the  one  hand,  and  W.  PFEFFER 
on  the  other,  simultaneously  gave  their  attention  to  the  nature  of 
chemotaxis.  They  studied  the  lower  monera,  plasmodia  of  myxo- 
mycetes  (slime  fungi)  bacteria,  flagellates,  wheel  animalcules,  the 
clustered  spores  of  algae,  the  spores  of  ferns,  mosses,  etc.  The  essence 
of  chemotaxis  lies  in  the  attraction  of  these  unicellular  organisms 
by  certain  substances  (positive  chemotaxis)  and  their  repulsion  by 
others  (negative  chemotaxis') ,  while  other  substances  do  not  affect 
them  at  all.  If  for  instance  a  cane  sugar  solution  is  placed  in  a 
very  narrow  test  tube,  and  the  open  end  is  dipped  into  a  drop  of 
moss  spores,  the  latter  will  pass  into  the  tube,  attracted  by  the 
cane  sugar.  It  is  necessary  to  assume  some  such  chemotactic  re- 
lation between  eggs  and  spermatozoa,  especially  of  aquatic  animals, 
as  the  spermatazoa  discharged  into  the  water  are  attracted  by  the 
eggs.  We  owe  our  knowledge  of  the  chemotactic  action  of  leuco- 
cytes of  the  higher  animals  to  C.  A.  PEKELHARING  and  especially  to 
TH.  LEBER  who  gives  in  his  classical  work,  "Die  Entstehung  der 
Entziindung,"  a  wealth  of  experiments  in  which  the  most  varied 
substances  were  introduced  into  the  eyes  of  rabbits.  In  the  same 
field,  but  it  is  quite  obvious  independently,  he  was  followed  by  MAS- 
SART  and  J.  BORDET. 

We  reproduce  the  following  series  of  substances  with  a  chemotactic 
action  (after  A.  GABRITSCHEWSKY)  to  show  how  difficult  it  is  to  ex- 
plain the  existence  of  chemotaxis  on  a  single  principle. 

SUBSTANCES  SHOWING  CHEMOTAXIS. 


Negative. 

Absent. 

Positive. 

10%  K  and  Na  salts 
1-10%  glycerin 

Distilled  water 
Carmin  powder 

1%  papayotin  (for  rabbits) 
Living  and  killed  cultures  of: 

Bile 
10%  alcohol 

0.1  to  1%  K  and 

Na  salts 

Bacillus  pyocyaneus 
Bacillus  prodigiosus 

Chloroform  in  aqueous 

Phenol 

Bacillus  of  anthrax 

solution 
0.5%  quinine  solution 
0.1  to  10%  lactic  acid 

1%  antipyrin 
1%  phloridzin 
1%  papayotin  (for 

Bacillus  of  typhoid 
Bacillus  of  hog  erysipelas 
All   the    bacteria   that   have 

Jequirity 

frogs) 

been  studied  excepting  the 

Sterile  culture  of  chicken 

1%  glycogen 

bacilli  of  chicken  cholera 

cholera  bacilli 

1%  peptone 

Bouillon 

Aqueous  humor 

Blood 
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It  may  be  concluded  from  this  that  a  substance  may  be  neutral  for 
certain  leucocytes  and  positively  chemotactic  for  others  (papayotin), 
and  that  the  chemotactic  relation  may  vary  with  concentration 
(K  and  Na  salts;  with  reference  to  lactic  acid  and  quinine  solutions 
see  pp.  286-288). 

What  relation  does  all  this  bear  to  the  theory  of  changing  surface 
tension?  Some  data  are  in  its  favor.  The  very  first  observation  of 
E.  STAHL  on  the  plasmodia  of  sethalium  septicum  of  tanner's  bark  gives 
a  decided  impression  that  a  surface  phenomenon  is  involved.  When 
he  brought  such  a  plasmodium  clinging  to  the  internal  surface  of  a  glass 
in  contact  with  pure  water  by  introducing  the  water  from  below,  the 
plasmodium  spread  out  uniformly;  if  he  introduced  tannic  acid,  it  trav- 
eled downwards;  and  on  the  addition  of  from  1/4  to  1/2  per  cent  sugar 
solution,  it  traveled  upwards.  It  is  just  this  action  of  tannic  acid 
which  tans  the  surface  of  protoplasmic  mucus  and  the  phenomenon 
of  spreading  out  in  pure  water  that  point  to  surface  forces.  They  are 
also  suggested  by  the  observation  of  RANVIER,  according  to  whom 
leucocytes  spread  out  more,  the  larger  the  surface  development  of  the 
given  body  (better  on  rough  than  on  smooth  surfaces  and  especially 
well  upon  elder  pith).  On  the  other  hand,  we  recognize  from  what 
has  been  said  that  the  theory  which  attributes  the  decrease  in 
surface  tension  to  an  electrical  charge  does  not  suffice  for  the  ex- 
planation of  all  phenomena.  An  intensely  positive  chemotactic 
action  is  possessed  not  only  by  bacteria,  but  also  by  extracts  and 
proteins  obtained  from  them.  The  chemotactic  experiments  under- 
taken on  the  bodies  of  higher  animals  (eye,  pleura,  etc.)  do  not 
justify  a  physico-chemical  explanation,  because  in  this  instance  two 
factors  coexist.  The  substance  itself  may  act  chemotactically; 
on  the  other  hand,  it  may  be  inactive  yet  cause  a  necrosis  of  the 
adjoining  tissue,  which  then  becomes  chemotactic  and  simulates 
activity  on  the  part  of  the  substances  under  investigation.  [Else- 
where (p.  234)  reference  has  been  made  to  the  observations  of 
A.  B.  MACALLUM.  His  monograph  "  Surface  Tension  and  Vital 
Phenomena/'  No.  8  Physiological  Series,  University  of  Toronto 
Studies,  1912,  includes  a  bibliography.  Tr.] 

Possibly  the  very  original  "Quantitative  Studies  on  Phagocytosis" 
of  H.  J.  HAMBURGER  and  HEKMA*  will  permit  conclusions  concern- 
ing the  causes  of  the  protoplasmic  movements  of  leucocytes,  when  a 
method  shall  have  been  discovered  for  measuring  the  surface  tension 
of  protoplasm  against  water  and  salt  solution.  Even  now  it  may  be 
recognized  from  these  studies  that  the  causes  of  movement  are  quite 
complicated  since  it  has  been  shown  that  the  calcium  ion  has  an 
entirely  specific  action  in  stimulating  phagocytosis.  If  such  action 
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were  due  merely  to  the  electric  charge  possessed  by  Ca  as  a  divalent 
ion,  we  would  expect  the  same  effect  from  barium,  strontium  and 
magnesium;  this  however  is  not  the  case. 

Especially  noteworthy  is  the  fact,  only  recently  studied  by  G. 
DENYS  and  LECLEF,  WEIGHT  and  his  pupils,  and  NEUFELD  among 
others,  that  leucocytes  are  stimulated  to  the  phagocytosis  of  certain 
bacteria  only  by  the  presence  of  serum,  and  that,  on  the  one  hand,  the 
intensity  of  the  phagocytosis  is  dependent  upon  the  virulence  of  the 
bacteria,  and,  on  the  other,  upon  certain  properties  of  the  serum, 
closely  related  to  those  which  determine  immunity. 

To  the  colloid  chemist,  it  is  of  importance  to  determine  whether 
the  general  colloid  properties  of  serum  play  a  r61e  in  phagocytosis, 
and  whether  the  serum  may  be  replaced  by  other  colloids.  H. 
BECHHOLD*  showed  that  egg  albumen,  which  stands  nearest  to  serum 
in  respect  to  its  colloid  properties,  caused  no  phagocytosis,  whereas 
Witte's  peptone,  a  markedly  broken  down  protein,  has  such  an 
action. 

In  the  case  of  chemotaxis,  as  in  the  case  of  phagocytosis  under 
the  influence  of  opsonins  (or  certain  hypothetical  irritants  which 
increase  the  appetite  of  leucocytes)  only  comprehensive  quantitative 
experiments  will  yield  material  utilizable  for  the  development  of 
a  physico-chemical  theory  by  the  colloid  chemist.  Although,  for 
instance,  quinine  is  regarded  as  a  substance  which  inhibits  phago- 
cytosis, M.  NEISSER  and  GUERRINI  *  have  shown  that  in  minimal 
doses  it  increased  the  appetite  of  leucocytes. 

It  may  be  said  in  conclusion  that  the  surface  tension  of  leucocytes 
in  relation  to  the  surrounding  medium  (serum)  must  be  very  low. 
On  page  16,  we  saw  what  force  is  necessary  to  change  the  form  of  such 
small  bodies  (leucocytes  have  an  average  diameter  of  from  6  to  8  /*). 
If  we  recall  what  changes  in  surface  tension  a  leucocyte  may  undergo 
in  phagocytosis,  and  the  very  great  changes  in  shape  suffered  in 
traversing  the  tissues,  we  are  forced  to  ascribe  to  them  a  very  low 
surface  tension,  much  lower  than  that  possessed,  e.g.,  by  red  blood 
corpuscles. 

The  Movements  of  Higher  Organisms. 

The  movements  of  higher  organisms  are  controlled  by  the  nerves 
and  accomplished  by  the  muscles.  In  the  present  state  of  our 
knowledge  and  in  the  limits  of  this  book  we  can  only  consider  this 
question:  From  what  physical  and  chemical  processes  does  muscle 
contraction  result?  For  this  purpose  we  shall  first  consider  the  muscle 
as  a  colloid  system  and  endeavor  to  gain  an  idea  how  a  contraction 
occurs. 
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Muscle  as  a  Colloid  System. 

In  the  cane  of  higher  mammals,  muscles  constitute  approximately 
43  per  eent  of  the  entire  body.  Since*  they  have  a  greater  range  of 
swelling  than  all  the  other  organs  (see  p.  21.9),  besides  their  usual 
function  as  a  water  reservoir,  they  an*  of  great  importance. 

As  regards  swelling,  they  behave  very  much  like  fibrin  or  gelatin. 
It  was  formerly  believed  that  the  circumstances  of  swelling  in  muscle, 
which  wen*  at  first  chiefly  studied  in  the  case  of  frog  muscle,  could 
be*  explained  by  osmosis,  but  the  quantitative  studies  of  J.  LOKU,* 
followed  later  by  A.  Driuu*  (%  K.  OVKRTON*  and  It.  W.  WEBSTER, 
showed  that  no  satisfactory  solution  could  be  thus  obtained.  If 
the  osmotic  conditions  alone  wen*  determinative,  the  muscle  should 
retain  its  water  in  isotonic  solutions,  shrinking  in  hypertonie  and 
swelling  in  hypotonie  solutions.  But  this  is  not  by  any  means  the 
rase,  since  there  is  a  material  difference  between  solutions  of  electro- 
lytes and  of  nonelectrolytes.  Whereas  neutral  salts  greatly  diminish 
the  .swelling  produced  by  acids  and  alkalis,  this  property  is  not  pos- 
sessed by  nonel.eet.roly ten  (cane  sugar,  ethyl  alcohol,  methyl  alcohol, 
urea  and  glycerin).  Even  the*  supposition  of  a  lipoid  membrane 
does  not  explain  the  phenomena,  since  cam4  sugar  is  as  insoluble 
in  Hpoids  ax  are  most  of  the  neutral  salts, 

AH  early  a«  HUM,  A.  Duma  concluded  from  his  investigations  with 
whole  frogs  that,  the  lawn  which  art*  invoked  in  osmotic  processes 
alone  are  inadequate;  in  this  ease  muscles  are  chiefly  concerned  in 
the  absorption  and  relinquishment  of  water.  MAUTJN  II.  FIHCUKU* 
was  the  first  to  direct  attention  to  the*  fact  that,  for  dead  nnwde, 
qualitatively  and  to  Home  extent  quantitatively,  similar  laws  gov- 
erned the  taking  up  and  the  relinquishment  of  water  an  governed 
unorgnni/fcul  colloids  capable  of  swelling, 

To  summarize  his  results  briefly:  muscles  swell  more  in  acids  and 
in  alkalis  than  in  water,  and  indeed,  in  hydrochloric  acid,  nitric,  acid  > 
urt'tie  ttcid  >  sulphuric  acid.  The  maximum  amount  of  water  that  a 
muscle  can  absorb  under  the  circumstances  is  about  240  per  cent  of 
the  original  muscle  weight,  or  13  times  the  dried  muscle  substance. 
It  therefore  possesses,  it  is  true,  a  smaller  swelling  capacity  than 
gelatin  which  can  take  up  from  l.r>  to  25  times,  or  fibrin  which  takes 
up  upon  solution  *10  to  40  times,  its  dried  weight. 

Tin*  absorption  ant  I  ri'Huqmshmont  of  water  by  muscle  is  a  re- 
versible prori'ss,  yet  M.  II.  KIH<«HKK  emphasises  the  fact  that 
during  the  time  of  his  experiments  no  complete  rwrnihiliti/  was 
nhsrrvwi,  that  "every  change*  of  condition  left  its  permanent 

ri'HUltH." 
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Salts  diminish  the  swelling  of  muscle  in  acids  and  alkalis  in  a  way 
similar  to  the  case  of  fibrin  and  gelatin,  though  not  so  obviously. 

There  is,  indeed,  a  very  important  difference  between  dead  and 
living  muscle:  the  swelling  of  dead  muscle  in  distilled  water,  for 
instance,  is  brought  about  by  the  formation  of  lactic  acid,  which  sets 
in  within  a  few  minutes.  If  this  were  not  the  case,  a  living  frog  would 
swell  up  as  much  in  fresh  water  as  a  dead  one.1  According  to  M.  H. 
FISCHER,  a  dead  muscle  retains  its  form  in  a  0.7  per  cent  NaCl  solu- 
tion, not  because  the  same  osmotic  pressure  exists  inside  and  outside 
the  cell,  but  because  the  concentration  of  the  NaCl  solution  is  just 
sufficient  to  overcome  the  action  of  the  acids  formed  in  the  excised 
muscle.  We  must  again  point  out  here  that  the  experiments  of  W. 
BILTZ  and  A.  VON  VEGESACK  *  show  that  if  colloids  are  present  in  a 
medium,  the  presence  of  isotonicity  does  not  by  any  means  permit  us 
to  infer  that  equal  osmotic  pressures  exist. 

Against  M.  H.  FISCHER'S  experiments,  the  objection  has  been 
raised  that  dead  muscle  possesses  no  semipermeable  membrane,  so 
that  its  swelling  follows  laws  similar  to  those  of  fibrin,  etc.  In  living 
muscle,  however,  semipermeability  exists;  on  this  account  the  re- 
sults of  M.  H.  FISCHER  cannot  be  transferred  to  living  muscle. 
There  are  also  certain  discrepancies  in  respect  to  some  nonelectro- 
lytes;  thus,  for  instance,  dead  muscle  does  not  swell  up  in  isotonic 
sugar  solution;  this  does  not  accord  with  FISCHER'S  theory.  [Sugar 
has  a  specific  dehydrating  action.  Tr.] 

The  studies  of  E.  B.  MEIGS  *  have  illuminated  these  discrepancies; 
they  showed  a  definite  difference  between  smooth  and  striated  muscles. 
Smooth  muscles  are  involuntary  and  occur  in  automatically  acting 
organs  (intestines,  urinary  bladder,  iris,  etc.),  and  especially  widely 
distributed  among  the  lower  animals.  They  contract  much  more 
slowly  than  striated  muscles.  E.  B.  MEIGS  concludes  that  smooth 
muscle  is  not  surrounded  by  a  semipermeable  membrane,  in  other 
words,  osmosis  is  not  a  factor,  but  that  they  behave  toward  electro- 
lytes like  any  hydrophile  colloid,  fibrin  or  gelatin,  with  reference  to 
change  in  volume. 

The  behavior  of  striated  muscles  is  quite  different.  To  understand 
it  we  must  briefly  recall  their  histology.  Muscles  consist  of  bundles 
of  fibrils,  longitudinal  fibers  which  are  surrounded  by  a  connective 
tissue  sheath.  Each  fibril,  that  is,  every  minute  fiber,  is  surrounded 
by  a  membrane,  the  sarcolemma,  and  is  bathed  in  a  fluid  substance,  the 
sarcoplasm.  The  individual  fibrils  are  striated  at  right  angles  to  their 
axes.  The  striations  appear  microscropically  as  alternating  dark  and 
bright  zones;  while  the  latter  are  isotropic,  the  dark  striations  are 
doubly  diffractive,  anisotropic  (see  Fig.  49). 

1  [If  the  circulation  of  a  living  frog  is  impeded  so  that  local  acidosis  develops, 
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K.  B.  MBIUH*  studied  the  rate  at  which  fresh  muscles  in- 
creased their  weight  in  water  and  in  salt  solutions.  He  concluded 
from  his  study  that  the  weight  increase  is  the  result  of  two  processes: 
At  first,  water  is  osmotically  taken  up  by  the  sareoplasm  of  the  fresh 
(.still  irritable)  muscle;  after  the  muscle  is  dead,  lactic  acid  forms, 
the  semipermeable  membrane  of  the  fibrils  (the  sarcolemnia)  becomes 
permeable  and  now  the  fibrils  swell  up  at  the  cx- 
|x»nse  of  the  sarcoplasm  fluid  and  are  thus  ^short- 
ened; this  is  evidenced  by  rigor  mortis  (().  VON 
Ft"  mil  and  LKNK).  The  proteins  become  co- 
agulated through  the  accumulation  of  acid;  this 
especially  induces  a  shrinking  and  thus  a  relaxa- 
tion of  rigor  mortis.  By  this  experiment  ally  es- 
tablished explanation  C).  VON  FUUTH  and  LKNK 
have  cleared  away  an  old  fallacy  that  the  onset 
of  coagulation  induced  rigor  mortis.  By  artifi- 
cial ftttiyue  (<'»!/.»  electrical  stimulation  of  an 
excused  frog's  muscle)  the  accumulation  of  acid 
and  the  consequent  swelling  of  muscle  in  dilute* 
suit  solution  in  much  hastened  ((\  SCHWAIW  *).  It  is  a  well-known 
fact,  moreover,  that  after  great  muscular  exertion  (forced  marches, 
convulsions,  limited  prey),  rigor  mortis  sets  in  sooner  than  when 
death  overtakes  a  rested  organism. 

When  rigor  mortis  disappears  striated  muscle  behaves  like  an 
hydrophile  colloid,  whose  swelling  and  shrinking  are  unhindered  by 
Hemijjermeuble  membranes. 

A  further  study  of  10.  B,  Mi«ms*  is  concerned  with  the  nature  of 
the  semij>ermeable  membrane  of  a  fibril  It  tends  to  show  that  the 
latter  consists  of  calcium  phosphate.  Collodion  membranes  impreg- 
nated with  calcium  phosphate  proved  impermeable  for  salts,  sugar 
and  awiuo  acids,  but.  were  somewhat  permeable  for  glycerin  and  urea 
and  esisily  f»ermeable  for  ethyl  alcohol  They  were  moderately  perme- 
able for  iH)taHHuim  ehlorid  as  was  to  IK*  expected.  The.  predication  of 
a  HemiiH'rmeabltt  layer  of  calcium  phosphate  explains  two  facts  very 
well:  1.  The  suspension  of  the  HcmipermeabUity  of  muscle  after 
death  (the*  accumulation  of  lactic  acid  destroys  the  membranes)  and 
2.  the  imi>ortance  of  calcium  for  the  maintenance  of  semipennea- 
bility  in  living  muscle;  since  the  layer  of  calcium  phosphate  is  de- 
stroyed in  a  neutral  lime-free  solution. 

A  unique  observation  was  made  by  M.  IT.  FISCHER  and  P.  JIONHKN  * 
upon  the  water  in  muHrle.  They  put  the  gastroenemms  of  frogs  into 
narrow  glass  tubes,  cooled  them  down  to  —70°  in  a  mixture  of 
Kher  and  solid  CCk,  and  followed  the  curve  of  cooling  with  a  needle- 
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shall  now  consider,  is  primarily  responsible  for  the  electrochemical 
theory  of  this  irritability. 

For  our  consideration,  two  electrical  phenomena  of  muscle  are 
important:  In  activity,  that  is  during  the  contraction  of  muscle, 
electric  currents  (action  currents)  develop;  the  stimulated  point  in 
the  muscle  becomes  negative  in  relation  to  the  remaining  fibers  which 
are  at  rest.  The  same  thing  holds  true  for  nerves  in  which  no  external 
sign  of  activity  is  discoverable. 

If,  in  an  excised  mollusc  muscle,  an  injured  point  is  united  to  an 
uninjured  point  of  the  mantle  by  a  wire  having  a  galvanometer  in 
its  circuit,  the  cut  surface  is  negative  and  the  mantle  surface  is  posi- 
tive. The  same  electrical  phenomena  are  observed  in  a  resting  nerve. 
This  is  called  the  current  of  rest,  or,  according  to  H.  HERMAN,  the  de- 
marcation current  (HERMAN  calls  the  demarcation  surfaces  the  interface 
between  the  injured,  dead,  and  the  uninjured,  living,  substance). 

Evidently  action  current  and  current  of  rest  are  due  to  the  same 
cause.  In  his  textbook,  R.  A.  A.  TIGERSTEDT  states  the  phenomenon 
as  follows :  In  muscle  as  in  nerve,  a  stimulated  point,  or  one  which  is 
injured  in  any  way,  is  negative  electrically  to  every  other  point  which 
at  that  time  happens  to  be  at  rest  or  uninjured. 

Let  us  consider  how  we  may  explain  the  direction  and  magnitude 
of  different  potentials  which  occur  when  muscle  contracts.  Elec- 
trical differences  in  potential  arise  on  every  interface  between  an 
electrolyte  and  a  pure  solvent  or  one  containing  less  electrolytes. 
The  simplest  case  is  when  an  acid,  e.g.,  HC1,  is  limited  by  pure  water  — 
then  the  more  mobile  positive  H  ion  will  rapidly  advance  and  give  a 
positive  charge  to  the  water  while  the  acid  is  negatively  charged  by 
the  more  slowly  moving  negative  Cl  ion.  This  applies  to  muscle, 
for  lactic  acid  arises  at  the  point  stimulated  or  injured. 

The  electromotive  forces  which  are  derived  from  a  circuit  of  acids 
and  water  or  crystalloid  electrolytes  are  much  smaller  than  we 
observe  in  muscle. 

Wo.  PAULI  invokes  the  colloidal  properties  of  the  protein  ions  in 
explaining  the  high  electric  tension  which  we  obtain  in  muscle  or  even 
in  the  electric  organ  of  the  torpedo. 

Protein  in  general  contains  an  ammo  acid  with  many  NH2  and 
COOH  groups.  Let  us  illustrate  the  development  of  electromotive 
forces  by  the  following  diagram  in  which  R  represents  the  protein 

radicle  and  L  the  lactic  acid  radicle: 

i  __ 

OHCO  •  •  NH2  +  LH  OHCO  •  •  NH3  L 
OHCO-  j?  •  NH2  +  LH  =  OHCO  •  If-NHj+L 
OHCO-  -NH2+LH  OHCO-  -NH3  L 
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The  difficultly  mobile  colloidal  acid-protein  ion  immediately  becomes 
positively  charged  at  the  surface  of  a  neutral  medium,  and  should  it 
touch  an  acid  medium  its  positive  charge  is  raised  and  at  the  same 
time  the  acid  field  becomes  more  negative  as  the  following  diagram 
indicates  : 

OH  •  CO  .         •  NH2  OH  •  CO  •          •  NH2 


I/ 


OH-CO-         -NH2  +LH=  OH-CO- 

OH  -CO-         -NH2  OH-CO.          •  NH2 

for  the  H  ion  moves  faster  than  the  L  ion.  Measurements  of  series 
consisting  of  acids  and  acid  albumin  couples  yielded  potentials  quite 
large  enough  to  account  for  action  currents. 

The  development  of  such  diffusion  potentials  in  muscle  would  not 
be  possible  if  the  fibrils  were  not  quite  poor  in  salt  and  the  sarcoplasm 
quite  rich  in  salt.  Since  both  the  fluid  and  the  fibrillar  portions 
contain  protein  (see  BOTTOZZI  and  his  school)  a  couple  consisting  of 
acid  albumin/acid/acid  albumin  yields  no  current.  The  current  is 
reestablished  through  electrolytic  dissociation  of  the  acid  albumin 
due-to  the  -salt  in  the  sarcoplasm  (see  p.  292).  If  such  couples  are 
placed  in  series  considerable  electric  tension  (voltage)  may  be  ob- 
tained. 

These  results  are  in  agreement  with  the  fact  that  the  normal 
properties  of  muscle  are  conditioned  by  definite  states  of  swelling  and 
electrolyte  content. 

If  frogs'  muscles  are  placed  in  an  isotonic  solution  of  cane  sugar 
or  other  nonelectrolyte  (mannit,  asparagin,  etc.),  they  lose  their 
irritability  (e.g.,  for  the  induced  current)  but  retain  their  volume; 
they  do  not  swell  as  in  distilled  water  in  which  the  irritability  is 
likewise  suspended.  The  ability  to  contract  is  restored  by  Na  ions 
(about  0.07  per  cent  NaCl)  (C.  E.  OVERTON)  as  well  as  by  Li  ions; 
but  it  is  not  restored  at  all  by  K  ions.  The  irritability  is  also  sus- 
pended by  isotonic  potassium  and  rubidium  salts.  If  the  anions 
and  cations  are  arranged  in  accordance  to  the  extent  with  which 
they  interfere  with  irritability,  we  obtain  lyotropic  series  similar  to 
those  which  we  discovered  for  the  salting  out  of  colloids  (see  pp.  80 
to  83);  according  to  R.  HOBER,*  C.  E.  OVERTON*  and  SCHWARZ,* 
they  are  as  follows: 

inhibitory:  K  >  Rb  >  Cs  >  Na,  Li 

inhibitory:  tartrate,  S04  >  acetate  >  Cl  >  Br,N03  >  I  >  SON. 

If  an  uninjured  frog's  muscle  is  dipped  into  an  isotonic  solution 
of  a  neutral  salt  and  the  part  so  treated  is  united  with  another  part  of 
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msele  by  a  wire,  we  obtain  a  current  of  rest  whoso  strength  and  clireo- 
ion  depends  ou  the  nature  of  the*  neutral  salt.  [The  study  of  these  eur- 
wts  of  aetion  in  the  heart  muscle  lias  been  elaborated  into  the  science 
f  elect  rocnrdiography.  1  know  of  no  attempt  to  associate  clectro- 
imliogrnphic  curves  with  changes  in  the  colloids  of  the  heart  muscle 
i  response  to  salts.  Tr.|  If  tlu»  anions  and  cations  are  arranged 
eeording  to  their  action  on  this  current  of  rest  (see  R.  HOBKU  and 
VAU>KNHKK<*  *),  we  obtain  series  similar  to  the  above.  Since  we 
ave  previously  seen  that  the  salting  out  of  protein,  the  swelling  and 
hrinkingof  gelatin  and  fibrin  (which  means  the  ionimtion)  occur  in 
imilur  lyotropie  series,  H.  HOBKR  concludes  that  the  normal  irrita- 
ility  of  muscle*  is  dependent  upon  a  definite  condition  of  solution  or 
welling  of  its  protoplasmic  colloids;  increased  solution  or  precipitation 
I  the  colloids  lewis  to  loss  of  irritability.  J.  LOKB  and  R.  BBUTNTKR 
.re  of  the  opinion  that  the  current  of  inactive  muscle  due  to  salt 
as  well  us  the  currents  rising  in  plants  because  of  an  injury  to  some 
>urt)  l>eurs  no  direct  relation  to  the  condition  of  swelling  of  the 
klasinu  colloids,1  but  is  due  to  n  lipoid  membrane  on  the  surface,  of 
he  mu*teie  or  its  constituent  elements.  The  variation  in  activity  of 
he  suits  ehorten  (NuCI,  KC1,  etc.)  is  due  to  their  different  threshold 
if  solubility  in  the  lipoid  membrane. 

H.  HnitKU  eorreetly  emphasized  that  for  such  questions  of  physio- 
ogiea!  function  we  need  consi<lcr  only  those  influences  which  are 
rmWWf,  Substances  causing  a  more  or  less  irreversible  change  by 
neann  of  aromatic'  unions  require  no  further  consideration  here. 

The  defwndenee  of  the  irritab  lity  of  inusele  upon,  and  it.s  relation 
•o,  the  condition  of  the  organ  colloids  are  not  unique.  Examples  of 
>ther  organ  functions  wen*  studied  by  It.  S,  LiLUK*2  (movement  of 
•he  dliu  of  the  larvse  of  marine  annelids)  and  by  R.  HOUKH*H  (the 
movement  of  the  ciliated  epithelium  of  the  frog). 

The  movements  of  cilia  above  mentioned  cease  upon  the  addition 
if  various  suits;  in  fact,  of  the  alkali  salts,  Li  salts  are  the  most 
tarmful.  In  hemolysis  and  in  the  diminution  of  the  movement  of 
*Uia,  tlit*  anion  H4»ries  shows  an  order  the  reverse  of  that  for  the 
liminution  of  musele  irritability,  which  means  that  the  swelling  of 
>l<Kx!  eorpUHeh»»  and  muscle  are  affected  in  an  opposite  way.  Such 
•veil-known  hemolytie  agents  us  saponin,  solanin,  tauroeholie  acid, 
dyeoeholie  acid  and  sodium  olcatc  diminish  th<*  irritability  of  muscle 
in  an  irreversible  inamu*r;  they  evidently  damage  the  lipoid  plasma 
[H'lllHe  (K.  iIf>HKH*»). 


J  \\V  tmwt   forc*K*»  fnrthi-r  cliscMissinn  of  tin*  cxtr(*ni(*ly  iaicnsstinK  rcnultH  of 
I.  tonsil  nut!  It.  IlKtiTNKii  hiuc<»  th«»y  have*  no  direct  hearing  on  colloidi*. 
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The  accompanying  table  (in  part  after  R.  HOBER)  gives  at  a  glance 
the  action  of  the  various  alkaline  salts,  and  parallel  with  it  the  extent 
to  which  such  salts  salt  out  hydrophile  colloids. 

The  question  now  arises,  What  are  the  colloid-chemical  changes 
which  occur  as  the  result  of  stimulation  and  bring  about  the  change  in 
the  shape  of  the  muscle  t 

We  know  from  the  investigations  of  G.  JAPPELLI  and  D'ERRICO  as 
well  as  of  G.  BUGLIA,  that  muscle  absorbs  water  when  it  contracts 
(fatigue).  This  is  not  surprising,  since  acids  are  formed  which 
favor  swelling  (see  p.  267).  According  to  the  conception  of  E. 
PRIBRAM,  the  formation  of  acids  and  the  contraction  of  muscle  are 
closely  associated.  Even  TH.  W.  ENGELMANN  had  already  drawn 
the  conclusion  that  during  contraction,  water  passes  from  the  iso- 
tropic  water-rich  layer  of  the  striated  muscle  into  the  anisotropic 
water-poor  layer,  which  swells.  This  is  due  to  the  transfer  of  acids 
from  the  sarcoplasm  where  lactic  acid  is  created  by  stimulation. 
Water  flows  from  the  blood  and  the  lymph  into  the  isotropic  layer,  so 
that  as  a  result  of  the  contraction,  the  entire  muscle  is  richer  in 
water.  We  must  picture  of  the  shifting  of  fluid  within  the  fibrils  as 
occurring  in  such  a  way  that  the  anisotropic  layer,  which,  according  to 
MUNCH,  is  spirally  arranged,  can  expand  only  from  side  to  side  when  it 
swells  (at  the  expense  of  the  isotropic  layer).  This  causes  a  trans- 
verse thickening  of  the  muscle  fibers  and  a  shortening  in  length,  a 
contraction.  If  the  lactic  acid  in  the  living  muscle  is  consumed  or 
otherwise  neutralized  the  process  is  reversed  and  the  muscle  regains 
repose. 

STREITMANN  and  M.  H.  FISCHER  constructed  from  catgut  a  working 
model  of  muscular  contraction.  The  catgut  strands  represented  the 
anisotropic  substance  and  the  sarcoplasm  was  replaced  by  water, 
acids,  and  salt  solutions. 

For  the  sake  of  completeness,  we  shall  refer  to  one  other  theory 
which  is  by  no  means  as  well  established  experimentally  as  the  one 
described.  BERNSTEIN  first  suggested  the  idea  that  muscular  con- 
traction was  associated  with  changes  in  surface  tension.  As  has  been 
mentioned  previously,  muscle  is  characterized  by  an  especially  high 
content  of  potassium.  From  the  researches  of  A.  B.  MACALLXTM  we 
are  compelled  to  assume  that  it  has  a  most  important  function  dur- 
ing contraction. 

In  contractile  tissues  (muscles  of  frogs,  lobsters,  beetles,  etc.), 
according  to  A.  B.  MACALLUM  *  and  his  pupils,  the  potassium  seems 
to  be  localized  in  the  dark  zones  of  the  resting  muscle  fibrils,  especially 
at  their  surfaces.  From  this,  A.  B.  MACALLXJM  concludes  that  the 
surface  tension  must  be  lowered  in  these  zones.  With  the  contrac- 
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tion  there  occurs  a  change  in  the  distribution  of  potassium.  There  is 
thus  associated  with  each  contraction  and  return  to  rest  a  shifting 
of  potassium,  a  shifting  of  the  swelling  and  a  change  in  the  surface 
tension.  We  may  leave  undecided  which  phenomena  are  primary  and 
which  are  secondary.  A.  B.  MACALLUM  calls  attention  to  the  fact 
that  next  to  hydrogen,  the  potassium  ion  has  a  greater  mobility  than 
any  other  cation,  and  attributes  to  this  the  rapidity  of  the  change  in 
surface  tension,  and  the  rapid  contractility  of  muscle. 

The  efficiency  of  muscle  depends  to  a  marked  extent  upon  its ' 
content  of  water  (see  J.  DEMOOR  and  PHILIPPSON  *)  and  may  be 
influenced  by  extreme  dehydration  (shrinking).  Such  extreme 
shrinking  may  be  brought  about  by  the  introduction  of  concentrated 
salt  solutions  or  glycerin  as  well  as  of  numerous  poisons  (especially 
veratrin)  (see  SANTESSOW*  and  GREGOR*).  Under  these  circum- 
stances the  muscle  is  shortened,  as  when  it  is  very  much  fatigued,  by 
tetanic  contractions. 

Likewise,  by  unsuitable  nutrition,  which  results  in  a  greatly 
swollen  state,  the  efficiency  of  the  muscle  may  be  depressed. 
TSUBOI  brought  about  such  a  swelling  in  rabbits  which  were  fed 
entirely  on  potatoes.  The  water  content  of  their  muscles  was  from  2 
to  7  per  cent  higher  than  normal.  Potatoes  are  especially  rich  in 
potassium,  and  in  this  connection  it  is  natural  to  think  of  the  swelling 
which  potassium  salts  also  cause  in  gelatin  and  fibrin,  and  of  the 
influence  of  the  K  ion  on  the  depression  of  muscle  irritability,  dis- 
covered by  R.  HOBER. 

[W.  BTJRRIDGE  associates  the  occurrence  of  fatigue  phenomena  with 
the  accumulation  of  K  ions  in  muscle  and  in  blood.  Adrenin  an- 
tagonizes K  salts. 

In  their  Croonian  Lecture  on  "  The  Respiratory  Process  in  Muscle 
and  the  Nature  of  Muscular  Motion/7  W.  M.  FLETCHER  and  F.  G. 
HOPKINS  come  to  the  conclusion  that  lactic  acid  is  not  a  toxic  product 
but  an  essential  agent  in  the  muscular  contractions.  Its  free  H  ions 
in  the  presence  of  colloidal  fibrils  cause  an  increase  in  tension  in  the 
fiber,  either  by  increasing  the  muscular  tension  along  the  longitudinal 
surfaces  or  by  the  process  of  imbibition.  They  studied  the  effect  of 
oxygen  on  muscle  and  found  that  it  not  only  delays  the  stiffening  of 
muscle  but  may  altogether  inhibit  its  onset.  A  muscle  forced  by 
stimulation  to  stiffening  may  be  recalled  again  by  oxygen  to  its  pre- 
vious flaccidity.  It  was  shown  that  immersion  of  a  fatigued  muscle 
in  oxygen  restored  the  osmotic  properties  to  those  of  resting  muscle. 
Fatigued  muscle  contains  more  lactic  acid  than  resting  muscle,  and 
a  fatigued  muscle,  after  resting  in  an  oxygen  atmosphere,  subsequently 
contained  less  lactic  acid.  A.  V.  HILL  and  PARNAS  from  studies  of 
heat  production  in  contracting  muscle  conclude  that  the  combustion 
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of  the  lactic  acid  to  C02  furnishes  the  heat  which  restores  some  of 
the  lactic  acid  to  its  metabolic  source,  thus  removing  the  acid  ions 
from  the  colloidal  fibrils,  so  that  they  may  return  to  their  former 
tension  —  the  tension  -of  rest  or  relaxation  —  and  possessed  of  their 
inherent  potential.  Proceedings  of  the  Royal  Society  of  London, 
Series  B  69,  Vol.  LXXXIX,  p.  444  et  seq. 

Contraction  of  the  heart  is  a  special  instance  of  muscular  function 
upon  which  considerable  light  has  been  thrown  by  the  .studies  of 
'  W.  BUKRIDGE. 

He  views  excitation  as  a  coagulative  change  induced  through  the 
formation  of  a  calcium  compound.  According  to  MACDONALD  this 
coagulative  change  is  accompanied  by  a  release  into  aqueous  solution 
of  previously  adsorbed  -K  salts  which  now  confer  a  positive  charge  on 
the  colloids  whence  they  came.  This  electric  charge  in  its  turn  reverses 
the  coagulative  change  in  the  colloids  and  so  brings  conditions  back 
towards  the  original  state.  BURRIDGE  has  shown  that  the  positive 
charge  renders  cardiac  colloids  incapable  of  combining  with  Ca  and 
can  decalcify  them  just  as  well  as  does  oxalate,  and  that  Na  ions 
may  be  a  factor  in  determining  a  finer  state  of  subdivision  of  these 
colloids.  Inhibition  resides  in  the  inability  of  the  colloids  of  the 
inhibited  tissue  to  combine  with  Ca. 

BURKIDGE  found  two  modes  of  reaction  of  the  heart  when  exposed 
to  the  influence  of  drugs.  One  effect,  immediate  in  appearance  on 
application  and  in  disappearance  on  withdrawal,  he  ascribes  to  "  sur- 
face "  phenomena  involving  the  muscular  colloids.  The  other  he 
calls  "  deep  "  changes  on  the  assumption  that  they  involve  changes 
in  aggregation  or  of  chemical  composition  in  the  same  colloidal  bodies 
in  which  changes  of  the  first  type  take  place. 

Calcium  has  a  surface  and  a  deep  action  on  the  heart.  BTIRRIDGE 
measured  the  response  of  the  perfused  heart  to  solutions  containing 
different  concentrations  of  calcium  in  the  presence  of  different  sub- 
stances. He  found  that  digitalis  caused  the  heart  to  act  as  well  with 
a  weaker  solution  of  calcium,  as  it  did  with  a  stronger  solution  of 
calcium  in  the  absence  of  digitalis.  Barium  was  an  imperfect  sub- 
stitute for  calcium.  Adrenin  and  pituitary  extract  act  like  digitalis 
in  improving  Ca  utilization.  Alcohol,  chloroform  and  ether  have  a 
two-fold  action,  (a)  A  depressing  or  surface  action  associated  with 
poor  utilization  of  calcium;  (&)  a  favoring  or  deep  action  associated 
with  an  improved  utilization  of  calcium. 

Strychnine  improves  Ca  utilization  thus  diminishing  inhibition. 
Dibasic  potassium  phosphate  increased  the  result  from  a  given  per- 
centage concentration  of  Ca.  This  latter  is  evidently  an  adsorption 
phenomenon  as  it  is  maintained  by  adding  a  smaller  percentage  of  the 
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dibasic  potassium  phosphate  In  the  perfuming  solution.  H 
suggests  that  loss  of  phosphates  niay  orrasionally  hi*  a  fn«'tnr  <ii*fi»r- 
wining  ranliat*  failure.  The  antagonism  ln*t\vec*n  rhhu'itls  and  pl«»s- 
phutes  is  evidently  of  imjxirtanee  in  eardiae  w«»akn<*>s  tir  nephritis 
with  suit  retention.  YV\  lirici{ii«;Kt  <^uartt*r!y  Journal  i»f  Mi*diein«*» 
Vol.  0,  Xos,  33  and  34>;  VoL  10,  No.  3W  for  hihlio^raphy.  Set*  also 
Nerves,  p.  Sf>2.  Tr.| 


CHAPTER  XVIII. 

BLOOD,  RESPIRATION,  CIRCULATION  AND   ITS  DISTURBANCES. 

Blood. 
(Sti*  ulst)  Hmptcr  XIV,  The  Distribution  of  Water  in  the  Organism.) 

Tin.:  hloud  consists  of  a  fluid,  the  plasma  j  and  the  formed  elements, 

tin*  htat^I  <w/>f/.sr/r.v. 


In  a  short  time  after  the  blood  leaves  the  body  it  coagulates 
spontaneously.  It  separates  into  two  components;  one  a  yellowish 
fluid,  thr  strum,  and  the  jelly-like  elot,  tho///;rm,  which  has  enmeshed 
the  Moot  I  eorpusrlesawl  has  undergone  shrinking  during  coagulation.. 
If  the  blood  is  beaten  or  shaken  with  a  rough  surface  (wood  or  steel 
shavings)  after  it  has  left  the  vein,  it.  clots  at  once  and  the  fibrin 
separates  immediately  as  an  irreversible  fibrous  mass  which  may  be 
completely  rleunsrd  of  the  adherent  eonstituents  of  the  blood  by 
washing  it  with  water.  Recently  colloid-chemical  explanations  asso- 
riatt*tl  with  the  names  K.  SPIUO  and  KLLWUKK,  NOLF,  RETTGER, 
ami  UKKMA  have  received  more  support.  Fibrin  occurs  in  the  blood 
as  fluid  fihrinalhuminutr  (librinogen)  which  is  normally  characterized 
by  being  roaguhittnt  by  dilute  salt  solutions  and  serum,  so  that 
something  must  rxist  in  the  blood  which  prevents  coagulation  in  the 
vi'AHt'k  \\V  possess  no  knt>wl<»<lg(»  as  to  what  this  "something"  is. 
(HmvKU,  has  rt*rt»ittly  separated  this  substance  antiprothrombin.  See 
HAKVKY  Lerttir<^»  lilltl  l!H7t(^be  published.  Tr.]  (  Certain  aspects 
muy  l«*  iiidinittnl  whieh  help  the  solution  of  the  problem.  Coagula- 
tion otvurs  whi'it  the  hltKKl  h»avos  the  closed  vascular  system,  and 
cnmt's  into  roitturt  with  other  surfaces  which  iimoistcm.  If  blood  is 
rollwled  in  oil  or  vaseline,  it  remamn  fluid  many  hours  and  may  even 
h$»  Irtifert  with  u  thoroughly  gn^iHCHl  glass  rod  without  clotting. 
Sh«*tl  btiMid  muy  Ue  n»ntrifugccl  in  parafRned  vessels  and  a  plasma 
may  lw  thus  obtiiinetl  which  remains  fluid,  provided  the  suggested 
prwiiut  ions  un*  employed.  Such  plasma  clots  when  a  glass  rod  which 
it  moistens  is  iii'trcwlueecl.  It.  is  not  known  whether  or  not  the  inter- 
f»n»  bliKHl  gas  plnys  any  part,  in  clotting. 

H,  lHt*oVKHc<j  ts  of  the*  opinion  that  the  electric  charge  of  the 
vt'HHi'l  wall  play.s  un  Imfmrtant  part  in  the  coagulation  of  fibrin;  in 
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life  it  differs  from  what  it  is  in  death  and  pathological  conditions. 
Blood  does  not  clot  in  a  paraffined  vessel  because  the  paraffin  is  nega- 
tively l  charged.  [The  spontaneous  and  immediate  development  of 
vasoconstrictor  substances  in  shed  blood  have  made  necessary  the 
development  of  special  technique  "  caval  pockets  "  for  the  study  of 
the  influence  of  the  nerves  on  the  adrenal  glands.  J.  M.  ROGOFF, 
Journ.  Lab.  and  Clin.  Medicine,  Vol.  Ill,  No.  4,  Jan.,  1918,  p.  209 
et  seq.  Tr.]  He  arrives  at  this  view,  because  he  regards  clotted  fibrin 
as  a  complex  which  results  from  the  combination  of  all  the  electro- 
positive globulins  of  the  blood  with  some  of  the  negative  ones.  He 
assumes  that  plasma  contains  two  kinds  of  globulins,  one  of  which 
coagulates  at  72°  and  the  other  at  55°. 

At  any  rate  it  follows  from  what  has  been  said  that  the  determina- 
tive factor  in  coagulation  is  a  surface  tension  phenomenon  which 
offers  a  profitable  field  for  more  thorough  study.  It  must  not  be 
forgotten  that  the  blood  moistens  the  vessel  walls,  the  intima,  so 
that  it  is  not  the  mere  moistening  which  is  important.  Injuries  to 
the  intima  may  bring  about  local  blood  coagulation  (thrombosis'). 
If  such  thrombi  are  dislodged  into  the  vessels  the  resulting  phenomena 
are  called  embolism.  It  is  well  known  that  the  chief  danger  of  any 
extensive  surgical  operation  is  the  development  of  such  emboli. 
Air  emboli  are  especially  dangerous;  they  may  occur  from  injuries 
to  the  veins,  or  air  may  be  injected  during  intravenous  infusions. 
Sometimes  in  air  embolism,  coagulation  may  occur  at  the  interface 
blood/air  as  I  have  been  informed  in  a  personal  letter  from  Geheimrat 
Prof.  QUINCKE,  the  clinician. 

The  serum  is  a  solution  of  proteins  in  salt  solution.  We  must  at 
present  assume  that  these  proteins  are  different,  not  only  for  every 
animal,  but  even  for  every  race.  They  consist  chiefly  of  serum 
albumin  and  serum  globulin,  which  were  described  in  Chapter  X  (see 
also  IscovEsco*2).  It  is  quite  possible  to  remove  a  considerable 
portion  of  the  proteins  from  the  blood  without  immediate  destruc- 
tion of  the  organism;  as  is  well  known,  common  salt  infusions  are 
employed  in  severe  hemorrhages,  i.e.,  the  blood  that  is  lost  is  re- 
placed by  a  0.85  per  cent  salt  solution.  It  would  be  impossible  to 
keep  an  organism  alive  permanently  without  serum.  Aside  from 
the  fact  that  nourishment  would  cease,  the  serum  plays  a  most  im- 
portant role  as  "buffer"  in  order  that  the  acid  and  alkali  content  of 
the  organism  may  be  kept  at  a  uniform  level;  it  is  of  little  impor- 
tance, however,  in  maintaining  the  level  of  the  water  content. 

1  French  authors  frequently  use  a  terminology  the  reverse  of  this;  they  call 
whatever  migrates  to  the  anode  electropositive,  and  vice  versa.  I  have  trans- 
lated their  mode  of  expression  so  as  to  conform  with  ours. 
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The  organism  is  carefully  provided  with  mechanisms  to  maintain 
the  neutral  state.     [This  is  not  in  accordance  with  present  views. 

In  American  clinical  literature  this  is  at  present,  usually  expressed 

i  4, 

117,  ?JW7  or  pi/ 7  neutral.  In  normal  blood  pa  =  7.4,  while  in 
advanced  acid  intoxication,  p//7.2.  Tr.|  Every  abnormal  excess 
of  II  or  OH  ions  influences  the  condition  of  swelling  in  the  tissues 
and  may  thus  give  rise*  to  grave  disturbances.  Although  0.37  X  10  7 
represents  the  normal  H-ion  concent  ration  of  the  blood,  1 .00  X  .10  7  nH 
indicates  an  advanced  arid  intoxication.  LOO  X  10"r'//II  damages 
the  red  blood  corpuscles  according  to  L.  MICUAIOLIS  and  D.  TAK- 
AUAHIU  just  as  do  traces  of  NaOIL  We  know  from  the  inves- 
tigations of  II.  «J.  UAMUUUUKH  and  HKKMA*  that  the  functional 
activity  of  the  leucocytes  depends  on  the*,  normal  concentration  of 
II  and  Oil  ions.  To  maintain  this  condition,  nature  has  provided 
a  double  safeguard  and  surrounded  neutralisation  with  a  double 
line  of  defense.  The  outer  wall  is  the  serum  salts,  which  are  so 
skillfully  combined  that  the  concentration  of  the  II  or  Oil  ions  is 
unchanged  by  the*  moderate  addition  of  acids  or  bases.  This  prop- 
erty of  the  serum  Halts  is  of  great  importance  in  the  metabolism, 
formation  and  removal  of  CO..,  in  the  formation  of  lactic  acid,  of 
amjwwia,  He,;  it  is  even  to  a  certain  extent  increased  by  the  artifi- 
cial introduction  of  acids  and  bases,  rireumstanc.es  may  arise 
when  these  outworks  are  overcome  and  the  inner  line  trenches  have 
to  bear  the  defense. 

Severe  poisoning  with  acids  or  alkalis  arc  dangerous  not  only 
because  of  the  burns  they  cause,  but  especially  because  of  the  danger 
of  disturbing  the  balance  between  tin*  II  and  OH  ions.  We  must 
especially  consider  the  aeiti  intoxication  in  certain  diseases,  as  in  the 
fever  of  many  of  the  infectious  diseases  and  in  diabetes,  associated 
with  the  over-pnxlurticm  of  oxybutyrie  acid.  Under  these,  circum- 
HtaweH  the  inner  though  weaker  line  of  defense,  must  be,  the  proteins, 
which,  because  of  their  amphoterir  character,  arc*  able  to  bind  acids 
us  well  an  bases.  It  in  not  a  matter  of  little  consequence  when  the 
protein*  have  to  be  invoked  for  neutralisation.  We  have  seen 
from  pagcH  152  and  153  that  the  addition  of  alkali  or  acid  increases 
the  internal  friction  of  albumin;  that  albumin  ions  have  a  much 
higher  viscosity  than  the  albumin  molecule;  and  further  that  in 
media  that  are  not  wutral  the  blood  corpuscles  swell.  Therefore, 
under  eircumstaneoH  when*  there  Is  a  higher  ionwatiou  of  serum 
albumin  and  parallel  with  it.  a  swelling  of  the  formed  elements,  we 
may  expect  that  the  blood  will  show  a  higher  viscosity  and  that 
great  IT  demand*  will  be  made  on  the  organ  of  circulation,  the  heart 
(HUU  p.  310  d  «;#.)• 
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There  are  no  exhaustive  investigations  on  the  influence  of  salts 
upon  the  internal  friction  of  proteins  in  normal  serum.  Yet  it 
seems  possible  to  conclude  from  the  figures  of  Wo.  PATJLI  and 
H.  HANDOVSKY  that  the  friction  in  serum  in  the  presence  of  salts  is 
approximately  the  same  as  in  a  salt-free  albumin  solution;  however, 
it  must  not  be  forgotten  that  the  solutions  investigated  possessed  a 
much  smaller  amount  of  albumin  than  does  serum. 


Albumin.  +  NaCl. 

Internal  friction. 

Albumin  +  (NH4)2SO4 

Internal  friction. 

Normal. 

Normal. 

0.00 

1.0783 

0.00 

1.0783 

0.05 

1.0592 

0.05 

1.0582 

0.1 

1.0681 

0.1 

1.0725 

0.5 

1.1064 

0.5 

1.1020 

We  see  that  when  the  solution  of  salt  is  very  dilute,  the  internal 
friction  may  even  sink,  but  that  between  0.1  and  0.5  n  which  is  in 
the  neighborhood  of  the  physiological  concentration  (physiological 
salt  solution  0.85  per  cent  NaCl  =  0.14  normal),  the  original  inter- 
nal friction  of  the  salt-free  albumin  solution  is  again  reached  and 
exceeded. 

A  matter  formerly  very  much  discussed  was  whether  some  electro- 
lytes and  nonelectrolytes,  especially  sugar,  chlorin,  phosphate, 
sodium  and  calcium,  exist  in  the  blood  free  or  fixed.  In  the  light  of 
the  facts  this  does  not  seem  to  be  a  correct  statement  of  the  problem. 
It  is  more  important  to  determine  what  percentage  of  the  ions 
involved  are  diffusible.  B.  P.  RONA  and  GYORGY  by  ultrafiltration  of 
C02-sera  have  demonstrated  that  10  to  15  per  cent  of  the  Na  in  some 
sera  was  not  diffusible.  P.  RONA  and  D.  TAKAHASHI  *  determined  that 
25  to  35  per  cent  of  the  calcium  in  the  serum  is  not  diffusible  and 
probably  exists  as  a  calcium  protein  compound.  The  Cl  ion,  on  the 
contrary,  was  found  to  be  completely  diffusible. 

We  know  from  pages  147  and  161  that  the  solubility  of  salts  in 
solutions  of  hydrophile  colloids  is  very  different  from  what  it  is 
in  pure  water.  As  a  matter  of  fact,  the  solubility  of  easily  soluble 
electrolytes  is  somewhat  diminished  and  that  of  the  difficultly 
soluble  ones  is  markedly  increased.  If  we  make  a  solution  of  salts 
of  the  same  strength  and  proportion  per  liter  as  occurs  in  natural 
serum  (see  H.  M.  ABLER  *) 

KC1 0 . 40 

CaCl2  +  6  aq 0. 62 

MgCl2  +  6  aq 0. 37 

NaCl 5. 90 

NaH2P04  +  1  aq 0.236 

NaHCOs 3.51 
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it  precipitation  taken  place  immediately,  the  precipitate  consisting  of  a 
mixture*  of  calcium  carbonate  and  phosphate.  It  Is  only  because  of 
the  presence  (if  the  so  mm  colloids  that  this  precipitation  does  not 
occur,  Accordingly,  the  serum  colloids  serve  the  purpose  of  keeping 
soluble  substances  in  solution  and  of  releasing  them  nt  the  proper 
time.  This  phenomenon  is  of  great  physiological  importance  in  the 
formation  of  bone  (see  p.  208),  and  it  is  of  great  pathological  signifi- 
cance in  gouty  deposits  (see  p.  274). 

The  M/r/wr  tension  of  scrum  has  been  frequently  studied  in  recent 
yearn.  The  incentive  was  afforded  by  the  observation  of  M.  Ascou 
and  (1,  Iy,.\u  that  the  surface  tension  of  immune  serum,  was  depressed 
when  it  was  united  with  its  specific  antigen  (see  moiostagmin  reaction). 
MOKUAX  and  WOODWARD  recorded  especially  exact  determinations. 
They  found  that  the  surface  tension  of  healthy  men  did  not  vary 
much,  on  the  average  (from  44.H  to  46.4),  but  that  the  diet,  might 
cause  marked  variation.  The  surface  tension  is  especially  high  in 
Home  patients,  especially  nophrities  (reaching  to  51.4).  Mammalian 
scrum  docs  not  differ  much  from  human  serum. 

Lymph. 

We  can  think  of  the  lymph  as  a  filtrate  derived  from  the  blood. 
It  does  not  by  any  moans  have  a  composition  identical  with  blood 
plasma;  on  the  contrary,  we  find  in  it  many  metabolic  products  which 
have  ontorod  it  by  diffusion  from  the  colls  it  bathos.  It  is  generally 
tissumod  that  the  blood  pressure  affords  the  increased  pressure 
neco.Msary  f»i'  filtration;  but  I  wish  to  call  attention  to  the  fact  thai  it 
may  jnissibly  he  the  pulxation  which  is  of  prime*  importance1  in  this 
instance,  just  an  I  have  established  for  the  glomerular  filtration  in 
thi!  kidney  (p.  .132). 

The  Blood  Corpuscles. 

The  red  blood  corpunclcH  or  erythrooyt.es  present  under  the  ini- 
ewsi'ojyo  the  well-known  round  or  elliptical  shape  with  a  thickened 
rim,  like  a  biconcave  circular  or  elliptical  plate.  In  reality,  according 
to  the  iuvoHtigattonH  of  P.  WKWBNRKICH,  they  seem  to  approach 
the  shapa  of  a  spinning  top  (a  (tone  with  a  convex  base) ;  HO  that  under 
the  microscope*  their  appearance  Is  distorted.  When  they  leave 
the  blood  vessels  we*  frequently  encounter  erythroeyloH  in  rouleau. 
RCHWYZKU  attributes  this  1c>  the  fact  that  the  normal  Oil  charge  in 
diHturlrd  by  the  glass  slide.  In  the  blood  vessels,  however,  the  simi- 
lar uwl  equal  charge  of  the  vessel  wall  opposes  the*  corpuscles  and  they 
ni»v««r  form  rouleitu.  In  viow  of  what  follows,  wo  should  recall  that 
on  Hwcliing,  they  swell  up  synimc^trieally  and  have  the  shape  of  a  pea, 
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lecithin  and  eholesterin  in  relation  to  water  and  salt  solution  are 
entirely  uuinvestigated.  Investigation  of  the  swelling  capacities  of 
such  mixtures  would  greatly  advance  our  knowledge  of  plasma 
membranes. 

It  is  evident  that  the  lipoids  can  form  only  very  thin  surface  pel- 
licles if  we  consider  how  small,  in  view  of  the  analysis  on  page  304, 
is  the  amount,  of  cholesterin  and  lecithin  they  contain. 

A  question  remains:  Is  the  membrane  of  uniform  composition 
and  consistence?  Against  this  view  is  the  fact  that,  on  shrink- 
ing, thorn-apple  forms  appear.  This  shape  might  also  occur  if 
there  were  an  inner  framework,  the  interstices  of  which  are  filled 
at  the  periphery  with  compressible  elements.  Such  a  theory  best 
(its  in  with  physico-chemical  observations.  The  pellicle  of  red  blood 
corpuscles  is  permeable  for  water,  fat-soluble  substances  and  to  a 
certain  extent  for  cations  and  anions  of  the  salts  occurring  in  the 
body. 

The  existence  of  a  fatty  pellicle  does  not  eliminate  the  probability 
that  the  blood  corpuscles  may  also  form  a  fatty  layer  at  an  injured 
pt)intt  which  impedes  the  exit  of  hemoglobin  (see  p.  243).  GHUNS* 
discovered  that  red  blood  corpuscles  could  be  cut  up  without  the 
subsequent  exit  of  hemoglobin,  and  10.  ALIMKCIIT*  showed  that  blood 
corpuscles  divided  by  crushing  or  by  gentle  heating,  to  a  certain 
extent  resumed  their  spherical  form  by  reason  of  surface  tension,  and 
retained  their  coloring  matter.  It  must  be  borne  in  mind  that  red 
blood  corpuscles  contain  only  591  parts  water  to  310  parts  hemo- 
globin. If  the  hemoglobin  were  to  appropriate1  all  the  water,  which 
is  certainly  not  the  cant*,  we  should  obtain  only  a  very  viscous  mass,1 
which  would  require  a  considerable  time  to  swell  or  undergo  other 
changes,  thus  giving  an  opportunity  for  the*  formation  of  n  surface 
membrane  (nee*  p.  35). 

Based  on  my  own  hitherto  unpublished  studies  on  hemolysis  and 
on  those*  of  others  accessible  to  me,  I  have  formulated  the  following 
hypothesis  for  the  structure  of  red  blood  cells:  they  possess  a  sponge- 
like  framework  consisting  of  a  (ibrinous  mass,  the  stroma  (to  what 
extent,  lipoids  arc  involved  in  this  framework  is  an  open  question 
entirely  immaterial  to  our  discussion).  The  sponge  is  entirely 
noaked  with  a  salt -con  tain  ing  albumin  solution,  chiefly  hemoglobin, 
and  has  a  very  thin  lipoid  pellicle  as  a  capsule.  On  the  basis  of 
Hitch  a  structure  all  the  known  properties  of  red  blood  cells  find  an 
unstrained  explanation.  They  would  swell  and  burst  in  hypotonio 
solution  and  shrink  in  hypertonic  solution.  Such  salt  solutions  as 

1   It  is  <*iwy  to  convince  oneself  of  thin  by  observing  a  pure  HUHpenniou  of 

zcd  by  a  drop  of  aradmolyHin. 
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dehydrate  (shrink)  the  stroma  without  causing  coagulation  of  the 
hemoglobin  hemolyze  red  blood  cells.  In  fact,  concentrated  sodium 
chlorid  solution  causes  hemolysis.  The  blood  coloring  matter  is 
pressed  out  just  as  in  the  case  of  the  salts 1  of  heavy  metals  mentioned 
later.  By  carefully  cutting,  crushing  or  warming,  the  blood  corpus- 
cles do  not  lose  their  coloring  matter,  provided  sufficient  time  is 
allowed  for  the  lipoid  membrane  to  close  before  the  coloring  matter 
diffuses  out.  If  the  lipoid  membrane  be  destroyed  by  warming  or 
solvents  (ether,  saponin,  etc.),  hemolysis  occurs.  The  salts  of  the 
heavy  metals  which  coagulate  albumin  harden  red  blood  corpuscles 
also,  and  if  red  blood  corpuscles  are  placed  in  such  weak  solutions  of 
heavy  metals  that  no  coagulation  of  the  dissolved  albumin  occurs, 
there  are  two  possibilities:  the  salt  of  the  heavy  metal  causes  no 
shrinking  of  the  stroma  (e.g.,  CuCl2)  and  the  blood  corpuscles  are  left 
unchanged;  or  the  heavy  metal  causes  shrinking  of  the  stroma  (e.g., 
HgCl2  and  many  others)  so  that  hemolysis  occurs,  for  the  blood  color- 
ing is  pressed  out  as  water  is  from  a  sponge.2  The  spongy  frame- 
work with  its  largest  outgrowths  reaches  to  the  surface  of  the  blood 
corpuscles,  so  that  there  is  at  the  surface  if  there  is  no  stress  a  mosaic  of 
lipoids  and  albumins  which  can  assume,  in  hypertonic  neutral  salt  solu- 

1  With  a  few  special  exceptions,  it  is  entirely  immaterial  to  our  point  of  view 
whether  we  regard  behavior  towards  hypotonic  and  hypertonic  solutions  as  the 
result  of  osmotic  pressure  or  as  the  result  of  swelling  and  shrinkage  of  the  corpus- 
cular colloids. 

MARTIN  H.  FISCHER  *  has  developed  an  entirely  revolutionary  conception  of 
the  constitution  of  the  red  blood  corpuscles  and  the  phenomenon  of  hemolysis. 
He  starts  out  with  the  idea  that  hemolysis  may  occur  as  two  phenomena:  (a) 
with  swelling  of  the  blood  corpuscles  (in  water,  acids,  alkalis,  etc.);  (b)  with- 
out swelling  (alcohol,  saponin,  hemolysins,  etc.).  On  this  account  M.  H.  FISCHER 
regards  the  increase  of  volume  and  the  exit  of  the  hemoglobin  as  two  phenomena 
which  frequently  run  parallel  and  yet  have  nothing  to  do  with  <2ach  other.  He 
assumes  that  the  proteins  (not  the  hemoglobin)  swell  under  the  influence  of 
water,  acids,  alkalis  and  hypotonic  salt  solution.  The  hemoglobin,  however, 
which  he  considers  to  be  an  hydrophobe  colloid,  he  regards  as  being  adsorbed  by 
the  remaining  protein  constituents  of  the  blood  corpuscles.  To  demonstrate 
his  conception  M.  H.  FISCHER  stained  fibrin  with  carmine  and  observed  a  loss  of 
color  with  acids,  alkalis,  hypotonic  salt  solutions,  urea,  etc.,  just  as  in  the  case 
of  hemolysis.  In  this  way  M.  H.  FISCHER  injects  a  now  point  of  view  into  the 
discussion,  since  he  replaces  the  influence  of  osmotic  pressure  by  the  force  of 
swelling  and  the  salts  by  the  colloids,  yet  many  of  his  points  seem  untenable  to 
me.  If  we  consider  that  a  blood  corpuscle  contains  almost  five  times  as  much 
hemoglobin  as  other  proteins,  we  must  cease  talking  of  an  adsorption  of  the 
hemoglobin  by  the  albumin;  adsorption  is  a  reversible  process,  a  term  applicable 
to  only  very  few  hemolytic  phenomena.  I  cannot  subscribe  to  the  view,  that 
hemoglobin  is  an  hydrophobe  (suspension  colloid).  This,  however,  is  not  vital 
to  the  main  question. 

2  From  experiments  still  unpublished. 
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tion,  a  thorn  apple  shape.  On  the  basis  of  this  hypothesis,  whenever 
we  exert  an  influence  on  red  blood  corpuscles,  we  must  consider  the 
effect  upon  each  of  the  three  colloidal  constituents  (stroma,  hemo- 
globin solution  and  lipoids)  as  well  as  its  distribution  among  them; 
from  this  the  behavior  of  the  blood  corpuscles  may  be  deduced 
(hemolysis,  swelling,  shrinking,  hardening,  etc.). 

There  is  an  extensive  literature  on  the  changes  in  the  volume  of 
erythrocytes  in  neutral  isotonic  salt  solutions; 1  I  shall  ^pention  only 
the  names  of  GURBER,  H.  J.  HAMBURGER,  S.  G.  HEDIN,  R.  HOBER, 
H.  KOEPPE  and  M.  OKER-BLOM.  In  these  studies,  the  blood  corpuscles 
were  usually  regarded  as  vesicles  with  a  more  or  less  permeable  mem- 
brane filled  with  a  solution  of  electrolytes.  This  conception  does  not 
permit  a  general  satisfactory  explanation  of  all  the  observations  that 
have  been  made.-  There  are  already  evidences  of  a  revision  which 
shall  ascribe  due  influence  to  the  colloidal  character  of  the  corpuscular 
constituents.  R.  HOBER  *7  immersed  blood  corpuscles  in  neutral  salt 
solution,  which  possessed  the  same  osmotic  pressure,  but  in  relation  to 
the  blood  corpuscles,  were  somewhat  hypotonic,  so  that  hemoglobin 
gradually  escaped.  This  escape  took  place  more  or  less  slowly  in 
accordance  with  the  salt  employed  and  in  the  following  order: 
S04  <  Cl<  Br,  N03  <  I 
Li,  Na  <  Cs,  Rb  <  K. 

This  is  the  recognized  lyotropic  arrangement  for  colloidal  pre- 
cipitation, or  what  seems  more  likely  to  me,  for  swelling  and  shrink- 
ing (see  M.  MICULICICH  *).  An  investigation  by  EISENBERG  contains 
much  important  data  which  ought  to  yield  valuable  conclusions,  in 
connection  with  the  theory  outlined  above.  [NOTE.  J.  TAIT  has 
just  published  a  paper— -Capillary  Phenomena  observed  in  Blood 
Cells:  Thigmocytes  Phagocytosis,  Ameboid  Movement,  Differential 
Adhesiveness  of  Corpuscles,  Emigration  of  Leucocytes.  Quarterly 
Journal  of  Experimental  Physiology,  Vol.  XII,  No.  1.  Tr.] 

Leucocytes  have  a  special  significance  which  we  have  considered 
in  Chapter  XVII. 

As  has  been  frequently  emphasized,  the  normal  organism  estab- 
lishes a  dynamic  balance  in  the  swelling  of  the  organ  colloids  (see 
p.  217  et  seg.).  The  tissues,  the  blood  plasma,  the  blood  corpuscles 
possess  a  certain  swelling  range,  which  is  specific  for  each  tissue. 
If  certain  component  colloid  groups  suffer  disturbances  in  this 
respect,  in  order  to  restore  equilibrium  all  the  other  components 
modify  their  state  of  swelling.  This  may  occur  in  severe  diarrhoeas 

1  Numerous  investigations  have  been  performed  to  determine  the  behavior 
of  blood  corpuscles  towards  neutral  salt  solutions.  From  them  it  may  be  de- 
duced that  iso-osmotic  solutions  are  not  necessarily  isotonic  to  blood  corpuscles. 
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(cholera),  which  result  in  dehydration  of  the  entire  organism.  This 
is  combated  by  an  injection  of  physiological  salt  solution  into  the 
blood  vessels.  If,  on  account  of  abnormal  conditions,  there  is  an 
increased  swelling  of  tissue  (edema,  exudates),  the  balance  may  be  re- 
stored by  withdrawing  water  from  the  blood  (by  sweating,  diuretics 
or  cathartics).  [Reference  should  be  made  to  the  influence  exerted 
by  increasing  the  colloids  of  the  blood  either  by  transfusion  of  blood 
or  by  injection  of  colloidal  substances.  Tr.] 

Respiration  (Gas  Exchange). 

The  supply  of  oxygen  to  the  cells  is  probably  the  most  important 
condition  for  the  life  of  the  organism,  whether  animal  or  plant.  For  the 
latter,  quantitative  estimations  are  not  as  convenient,  and  on  this  ac- 
count they  have  been  less  studied  than  in  animals,  especially  mammals. 

In  the  case  of  higher  animals,  the  provision  of  oxygen  is  assigned 
to  the  red  blood  corpuscles  which  take  up  oxygen  in  the  lungs  or  gills, 
transport  it  to  the  places  where  it  is  needed,  and  return  laden  with 
C02-  Ability  to  take  up  and  relinquish  oxygen  or  carbon  dioxid  is  a 
characteristic  of  hemoglobin.  Formerly,  the  combination  of  oxygen  or 
carbon  dioxid  and  hemoglobin  was  considered  to  be  a  purely  chemical 
one.  In  favor  of  this  view  is  the  fact  that  it  is  possible  to  crystallize 
both  hemoglobin  and  also  oxygen-laden  oxyhemoglobin.  The  union 
must  be  a  very  loose  one,  since  it  is  possible  to  remove  with  an  ex- 
haust pump  almost  all  the  oxygen  from  an  oxyhemoglobin  solution  or 
even  from  oxyhemoglobin  crystals,  so  that  the  absorption  of  oxygen 
and  carbon  dioxid  follows  the  gas  pressure.  It  would  be  natural  to 
think  of  a  solution  of  0  or  C02  in  the  hemoglobin,  but  quantitative 
investigations  show  in  contradiction  that  the  absorption  of  0  or  C02 
is  not  proportional  to  the  outer  gas  pressure  as  would  occur  for  the 
solution  of  a  gas  in  a  fluid  in  accordance  with  Henry's  law.  It  has 
been  found  on  the  contrary,  that  with  low  gas  pressures  relatively 
much  0  or  C02  is  taken  up,  but  that  with  higher  pressures  the  amount 
diminishes;  the  following  table  of  A.  LoEWY*2  shows  this: 


Oxygen  tension  in 
mm. 

Oxygen  saturation  in  per 
cent  with  a  C02  ten- 
sion of  5  mm. 

5 

11 

10 

28.5 

15 

51 

20 

67.5 

30 

82 

40 

89 

50 

92.5 

SO 

QS 

BWOl>>  RK^H  RATION,  CIRCULATION  AND  DISTURBANCES     309 

Since  DONDKK'S  time  it  has  been  assumed,  therefore,  that  a  disso- 
ciation occurs  much  as  in  the  case  of  calcium  carbonate  which  is 
dissociated  into  OaO  and  C()a  at  high  temperatures;  the  degree  of 
dissociation  is  dependent  upon  the  CO.j  pressure.  CHR.  BOHR  es- 
pecially followed  up  this  idea  and  on  the  basis  of  rather  complicated 
premises  reached  an  approximate  agreement  between  theoretical 
and  experimental  values.  II.  W.  Kiscnwu  and  10.  Biuwcnou  think 
that  iron  exists  in  hemoglobin  4i  protected"  by  the  organic  complex. 
In  alkaline*  solution  it  occurs  as  a  ferrate,  />.,  a  superoxid  (analogous 
to  manganafe),  but  in  a  solution  math1  acid  by  CO..  it  is  unstable,  and 
parts  with  oxygen.  Another  explanation  offered  by  the  assumption 
of  Wo.  OsTWAU)*8  is  that  the  taking  up  and  release*  of  0  or  CO* 
by  hemoglobin  and  blood  is  an  adsorption.  He  compares  the  process 
to  the  absorption  of  gases  by  charcoal,  spongy  platinum,  etc.  In 
both  cases  then*  exists  a  mwrxihlr  balance,  in  both  cases  one  gas 
may  be  replaced  by  the  other  (()  by  ( •< )«  and  rice  verxa).  The  curves 
obtained  in  the  adsorption  of  O  or  (•()•»  by  hemoglobin  or  blood  in 
the  presence  of  increasing  gas  pressures  correspond  to  the  recog- 
nised adsorption  curves.  On  comparing  the  differences  between 
theory  and  experiment  in  the  cast*  of  Bonn's  dissociation  formula, 
on  the  one  hand,  and  Wo.  ()HTWAU>'S  adsorption  formula,  on  the 
other,  it  is  evident  that  for  the  latter  they  are  much  smaller. 

Hitherto  we  have*  spoken  of  the  adsorption  of  O  and  CO*  by 
hvtno{ilobin%  hfaotl  ctirpuwlw  and  blood  as  identical,  but  in  reality  the 
phenomena  in  the  blood  an*  very  complicated. 

The  absorption  and  the  release  of  ar//f/r//  /;//  hcwoylobin  may  be 
considered  a  relatively  simple  phenomenon.  But  even  in  the  disc  of 
blood  corpuscles  and  blood,  observation  and  calculation  do  not  agree 
HO  well,  Wo.  OSTWAU)  says  (far.  n/.,  p.  2W>),  "'These  variations  are 
characterised  by  the*  fact-  that  in  the  ease  of  Imp  oxygen  pressures 
(somewhat  below  *Jf)  mm.  Hg)  the  observed  oxygen  absorption  is  con- 
siderably less  than  would  be  expected  in  accordance  with  the  adsorp- 
tion formula. n  In  my  opinion  thin  variation  is  sufficiently  explained  if 
we  consider  the  ///imY/«  of  blood  corpuscles;  ()  is  more  soluble  in  them 
than  in  water  and  there  in  no  objection  to  the  assumption  that  the 
distribution  in  the  lipoids  with  changing  gun  pressure  follows  Henry's 
law.  Fnder  these*  circumstances  the  curve*  of  oxygen  absorption  in 
the  blood  must  waver  between  that  of  the  adsorption  curve  and  the 
straight  line*  of  distribution  in  accordance  with  Henry's  law.  By 
observation  of  the  curve*  elaborated  by  Wo.  OsTW,\u>  (in  accordance 
with  A.  LOKWY),  I  find  this  view  substantiated  (Inc.  dt.,  p.  297). 

The*  nhwrjitnw  and  /r/ri/w  of  <'().„.  by  the  blood  and  blood  corpus- 
cleH  is  further  complicated  by  the*  W<W  w//&.     By  their  presence  the 
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serum  is  able  to  take  up  more  C02  than  the  blood  corpuscles,  but  it  is 
impossible  at  present  to  formulate  in  detail  the  steps  in  the  absorption 
and  release  of  C02  by  the  blood.  The  adsorption  theory  of  Wo., 
OSTWALD  naturally  does  not  help  us  over  these  difficulties,  but  under 
the  complicated  conditions  mentioned  it  formally  establishes  th£ 
adsorption  character  of  the  absorption  and  release  of  C02  in  the  blood. 
If  we  view  teleologically  the  manner  of  gas  exchange,  we  recog- 
nize that  adsorption  serves  this  purpose  best.  Excess  of  oxygen 
(up  to  100  per  cent)  in  the  respired  air  has  no  effect  either  in  the 
0  used  or  on  the  general  metabolism;  when  oxygen  is  deficient  small 
quantities  are  taken  up  with  avidity  and  tenaciously  held.  The  in- 
halation of  oxygen  recently  recommended  for  clinical  use  may  be 
explained  only  by  considering  the  plasma.1  From  a  mixture  rich  in 
oxygen,  hemoglobin  will  take  up  only  a  given  maximum  quantity, 
but  the  ability  of  the  plasma  to  take  up  oxygen  follows  the  gas 
pressure.  Finally,  it  must  be  recalled  that  with  higher  pressure  the 
lipoids  of  the  blood  corpuscles  take  up  more  oxygen.  [No  discussion 
of  the  gas  exchange  in  the  blood  would  be  complete  without  mention 
of  the  work  of  BARCROFT,  "Respiratory  Function  of  the  Blood/7 
Cambridge,  1914,  and  of  HENDERSON,  and  of  DONALD  VAN  SLYKE, 
who  have  supplied  methods  and  data  of  great  value.  Tr.] 

The  Circulation  and  Its  Disturbances. 

A  normal  circulation  can  exist  only  when  the  internal  friction  of 
the  blood,  the  viscosity,  remains  within  normal  limits.  This  varies 
considerably,  and  in  man,  measured  for  uncoagulated  blood,  is  from 
4.05  to  6.8  (water  =  1).  In  cardiac  patients,  besides  normal  values, 
values  from  above  14  to  23.8  have  been  found.  Muscular  exercise, 
heat  and  chemical  stimuli  influence  the  viscosity  (H.  A.  DETER- 
MANN*).  Salivation,  lack  of  water,  perspiration  increase,  whereas 
ingestion  of  fluids  or  nourishment  as  well  as  increased  frequency 
of  respiration  lower  the  viscosity  (M.  SCHEITLIN*).  According  to 
H.  BLTJNSCHLY  the  viscosity  of  the  blood  falls  with  every  intake  of 
nourishment,  reaching  a  minimum  after  the  midday  meal,  and  then 
rises  with  fluctuations.  The  differences  in  the  same  person  on  one 
day  were  11.8  per  cent;  yet  the  figures  vary  much  on  different  days. 
Moderate  muscular  work  according  to  H.  A.  DETERMANN  lowers 
the  viscosity  of  the  blood,  hard  work  raises  it  as  do  alcohol  and 
coffee. 

The  viscosity  of  the  blood  may  be  influenced  by  certain  substances; 
according  to  W.  SCHEITLIN,*  a  gelatin  injection  of  0.15  per  cent  of  the 
1  Naturally  this  does  hold  in  the  case  of  CO  poisoning. 
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)Qcl  volume  increases  the  viscosity  temporarily  15  per  cent;  are- 
in  (0.1  grin.,  subcutaneously)  up  to  36  per  cent;  cutaneous  appli- 
tion  of  spiritus  sinapis,  up  to  12  per  cent;  a  phlebotomy  (up  to 

per  cent)  and  the  action  of  other  derivatives,  for  a  few  hours 
ver  the  viscosity  (these  results  were  obtained  on  horses).  Changes 

viscosity  were  observed  by  W.  SCHEITLIN  in  various  diseases 
rincipally  of  horses) ;  and  by  W.  FREI  *  on  dying  horses.  In  dis- 
ses  of  the  lungs  and  pleura  associated  with  fever,  especially  high 
Jues  were  found,  and  in  anemias  they  were  especially  low  (as  low 

2.3).  The  viscosity  usually  reaches  its  highest  point  with  the 
isis  and  then  falls. 

All  these  observations  furnish  valuable  material  for  future  knowl- 
ige  of  the  relationship  between  the  viscosity  of  the  blood  and 
ithology.    Already  it  may  be  said  that  the  viscosity  of  the  blood 
is  a  certain  prognostic  value. 
The  viscosity  of  the  blood  is  conditioned  by  the  internal  friction 

the  plasma  and  by  the  blood  cells.  We  shall  see  later  that  the 
tal  amount  of  the  former  plays  a  far  less  important  part  than 
ie  latter,  and  that,  as  a  matter  of  fact,  an  important  part  in  the 
langes  in  viscosity  of  the  plasma  must  also  be  ascribed  to  the 
terface  tissue/plasma. 

Marked  changes  in  the  viscosity  of  the  plasma  may  also  be  indu  ced 
y  the  inclusion  of  some  foreign  substances.  P.  ADAM  found  that  it 

lowered  markedly  by  iodids,  and  to  a  less  extent  by  bromids. 
;  is  possible  that  some  of  the  therapeutic  effects  from  the  adminis- 
ation  of  potassium  iodid  (especially  in  arteriosclerosis)  may  be 
ybributed  to  the  diminution  of  the  internal  friction.  Investigations 
i  man  have  not  as  yet  given  uniform  results  (P.  ADAM,  H.  A. 

>ETERMANN,*  0  MtJLLER  and  R.  INADA). 

The  concentrations  of  urea  possible  in  the  organism  can  have  no 
ifluence  on  the  internal  friction  of  the  plasma  (as  far  as  I  can  gather 
om  G.  MORUZZI'S*  figures). 

To  the  extent  that  the  data  furnished  by  Wo.  PATJLI  and  H. 
LANDOVSKY  warrant  it,  an  increased  wnization  of  the  serum  albumin 
Lust  also  result  in  an  increase  of  viscosity.  Such  an  increased 
mization  of  albumin  may  be  brought  about  by  an  increase  in  con- 
mtration  of  H  or  OH  ions.  An  increase  of  the  latter  is  impossible, 
3  we  shall  see.  On  the  other  hand,  the  following  tables  of  R.  HOBER 
now  that  an  increase  of  C02  may  produce  an  increase  of  the  con- 
mtration  of  H  ions  in  the  blood. 

R.  SOBER  *2  measured  the  concentration  of  H  ions  in  the  blood 
pon  the  addition  of  carbonic  acid  mixed  with  hydrogen.  I  have 
^produced  only  the  percentage  of  C02. 
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Volume  per  cent  COg. 

Concentration  of 
H  ions  X  10"7 

3.18 

0.37 

4.15 

0.49 

6.51 

0.79 

9.19 

0.89 

15.50 

0.94 

29.05 

.       2.37 

57.86 

2.98 

Within  the  physiological  limit  of  3  to  6  volume  per  cent  C02,  the 
concentration  of  H  ions  in  the  blood  varied  only  from  about  0.35  to 
0.75  X  10-7.  When  the  content  of  C02  is  greater,  we  shall  see  that 
the  H  ion  concentration  may  rise.  According  to  H.  LoEWY,*1  the 
normal  C02  content  in  the  alveoli  on  closure  of  the  air  passages  may 
increase  from  5  per  cent  to  13.4  per  cent,  which  produces  approx- 
imately 50  per  cent  increase  in  the  concentration  of  H  ions. 

A.  SZILI*  injected  rabbits  and  dogs  intravenously  with  hydro- 
chloric acid  and  found  shortly  before  death  an  H  ion  concentration 
of  9  X  10~7;  in  diabetic  coma  H.  BENEDICT  *  observed  a  pH  value  of 
1.5  X  10~7. 

This  increase  in  the  H  ions  is  doubtless  associated  with  an  in- 
creased viscosity  of  the  plasma.  We  shall  see  that  this  is  vanishingly 
small,  hardly  measurable  in  proportion  to  the  increase  of  the  vis- 
cosity of  the  blood  which  an  equal  concentration  of  H  ions  produces 
through  a  swelling  of  the  red  blood  corpuscles. 

The  viscosity  of  the  total  plasma  does  not  teach  us  anything  about 
its  viscosity  at  the  interface  between  tissue  and  blood.  The  friction 
at  this  surface  is  absolutely  determinative  for  the  circulation  of  the 
blood. 

What  are  the  conditions  at  these  surfaces?  The  blood  is  neutral, 
the  tissues  are  acid.  In  the  cells  there  is  an  oxidation  which  passes 
by  way  of  the  most  diverse  fatty  acids  to  carbonic  acid.  The  fatty 
acids  involved  are  without  exception  stronger  acids  than  carbonic 
acid.  Accordingly,  at  the  interface  tissue/blood,  an  ionization  of 
the  albumin  must  occur  and  with  it  an  increase  of  the  friction.  The 
friction  must  be  greater  in  proportion  to  the  disturbances  of  the  oxidiz- 
ing processes  in  the  cells;  i.e.,  the  less  oxidation  to  GO2,  the  faintly  acid 
end  product,  the  more  acids  with  high  dissociation  constants  are 
formed.  The  friction  at  the  boundary,  i.e.,  the  albumin  ionization, 
becomes  great  also  when  the  blood  itself  is  saturated  with  C02)  that  is, 
when  the  products  which  diffuse  into  the  blood  from  the  tissues  have 
less  alkali  to  combine  with  than  normally. 
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Let  us  test  the  correctness  of  this  view  with  the  facts  at  our  dis- 
posal.1 

It  follows  from  the  evidence  to  be  given  (p.  315)  that  the  accumu- 
lation of  C02  increases  the  viscosity  of  the  blood,  but  we  do  not  learn 
from  this  how  the  swelling  of  the  blood  corpuscles  and  to  what  ex- 
tent the  H  ion  concentration  at  the  interface  tissue/blood  may  be 
involved.  Indirectly  we  obtain  a  certain  insight  from  the  studies 
of  acid  intoxications.  A.  LOEWY  and  E.  MUNZER*  determined  the 
ability  of  the  blood  to  absorb  C02  in  normal  animals  and  in  those 
poisoned  with  hydrochloric  acid,  with  the  following  results. 

NORMAL  BLOOD. 


COa  tension. 

COo  fixation. 

Per  cent. 
2.196 
3.290 

Volume  per  cent. 
28.43 
34.75 

BLOOD  OF  AN  ANIMAL  POISONED  WITH  ACID. 


CO2  tension. 

CO2  fixation. 

Per  cent. 
3.630 
6.143 
7.530 

Volume  per  cent. 
7.37 
17.88 
22.26 

Accordingly,  the  C02  tension  must  be  greater  in  the  animal 
poisoned  with  acid  for  the  same  absorption  by  the  blood  to  occur 
as. in  a  normal  animal;  which  means  that  there  is  less  alkali  for  use 
in  combining  with  the  acid  products  diffusing  from  the  tissues  than 
in  the  normal  one. 

Similar  conditions  occur  when  there  is  an  abnormal  acid  produc- 
tion in  the  tissues;  namely,  after  great  muscular  exertion  with  over- 
production of  lactic  acid,  in  fever,  where,  measuring  the  alkalinity 
of  the  blood  (by  the  C02  exhausted),  KRAUS  found  it  reduced  to  one- 
half  or  one-third  of  the  normal,  as  in  typhoid,  erysipelas,  scarlatina 
or  continued  fever  of  tuberculosis,  in  starvation,  in  coma,  especially 
diabetic  coma  with  over  production  of  oxybutyric  acid,  and  frequently 
in  diabetes  mellitus.  KRATJS  found  in  a  severe  case  instead  of  a  vol- 

1  It  is  only  possible  to  indicate  here  that  the  difference  in  the  reaction  be- 
tween blood  and  tissue  necessitates  a  difference  in  potential  which  offers  resist- 
ance to  the  movements  of  the  blood.  It  is  greater  in  proportion  to  the  relative 
difference  in  the  concentration  of  H  ions.  Unfortunately,  we  lack  the  experi- 
mental basis  to  establish  my  assumption  mathematically. 
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nine  per  cent  from  30  to  30  C  *<  )2  only  l-.-S  and  CJ,H,  aiul  I  ).  MINKOWSKI 
once  fount]  only  ,1,3  per  cent.  [Mention  should  he  mail**  of  tin*  work 
of  JOHUN,  VAX  SLYKK,  M.UUUOT  and  !!<»wt»A\!»  in  America.  Tr.j 

On  these  grounds  we  must,  reali/e  that  in  all  respiratory  dis- 
turbances not  only  the  accumulation  of  t  'O3  in  tin*  blood,  hut  also 
that  the  incomplete  oxidation  in  tin*  tissue  resulting  from  insufficient 
(),  leads  to  circulatory  disturbances. 

The*  following  line  of  proof  seems  especially  interesting  to  me. 
We  know  that  in  obesity,  the  oxidixing  forces  in  tin*  tissue*  are  re- 
duced, HO  that  the  fat  is  no  longer  attacked,  and»  as  it  matter  of 
fact,  it  is  in  the  obese*  especially  that  circulatory  disturbance**  regu- 
larly appear. 

Clinicians  know  that  t  lie  circulatory  disturbances  from  diminished 
alkalescence  in  Htieh  eases  art*  benefited  by  giving  large  do*en  of 
alkalis. 

I  am  fully  convinced  that  the  facts  heretofore  mentioned  may 
he  explained  by  the  increased  viscosity  of  flit*  blood  dm*  to  the 
swelling  of  the  blood  corpuscles,  and  also  that  we  have  mi  experi- 
mental evidence*  to  separati*  the  two  phenotueita.  My  sole  ubjeet 
is  to  introduce  into  tlir  organic  dt^velopuieni  of  existing  ideas  a 
new  viewpoint  base*  I  on  colloid-chetntcal  facts,  At  l/ir  mlrr/niT, 
iimtie.'MwKt,  inrraiwtl  //  ion  rwifriilfiiliini  iiiiii/  ilrrrlti/i*  tiiirl  nx  ti  rrxnlt 
of  the.  iunixntion  of  the  nllnnnin,  n  tfrettter  f  net  ion  /#r  /»n*»/m-ff/. 

The  increase  in  the  concentration  of  li  ions  may  be  produced  by 
diminution  in  the  ntknlinitt/  of  the  htnotl  or  thronyh  n  ilixturlniner  of  the 
oxidizing  jtntcewH  in  the  tim9ur#t  «i  that  iiiiiny  cirrulatory  tiiMtirb- 
anccH  may  be  viewe<I  as  errors  of  uu*tattf>lisfn.  Ilir  pos^tbtUty  of  an 
increaHtnl  friction  an  the  result  of  a  fhangt4  in  HP*  diilrrrnn*  in  ptifrittiiil 
between  blood  and  tissue  has  thus  been  inditiiftn.1, 

The  mere  disturbance  in  the  oxidation  processes  in  the  ti^tiej* 
oauHi*H  them  to  swell  resulting  in  ati  abstraction  uf  wntrr  fruiu  thf 
blcKHl  imtl  n  coiiHetiueiif.  inrrniHi*  in  Us  viwustty,     \Vi*  lunM   tliti* 
rccognia*  u  reliitbitHltip  lietwern  the  viHi'tmity  t»f  tin*  l»tntwf  ami  tin* 
quc'HtiouH  eousicierHi  in  the  chapter  on  I'Meniii  »srr  p,         et  «n/.). 

The.  influence  of  the  tiltmtl  nn  the  frirtnm  of  the  hlotnL 

As  wiw  nhown  by  A.  CtthtttEit,  the  red  btuwd  rur|mst*i«*M  whi-n 

carbonic  arid  in  intnxlumi,  II.  J,  IlAMHtiiiiKii  mid  vnx  LiMin;ra 
have  confirmed  and  thoroughly  analyzed  this  uttHi«rvatiitn  in  ihr  r».si* 
of  carbonic  acid  and  other  acids.  Tin*  iurrniHi*  in  I  fir  volume  of  tin* 
ml  blood  corpuscles,  which  in  15  pt*r  rnti  more  in  vi*ttuitf4  thiut  in 
arterial  blood,  in  pathological  conditions,  r,«/.,  in  a^phyxintioft,  may 
rim*  to  30  per  cent, 

The  most  cxhauntivc  iuvctttigatioiiH  in  thin  diivcium  wen*  tiinlrr- 
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taken  hy  A.  vox  KOKANYI  and  J.  BKNCK.  It  is  to  the  credit  of  A. 
VON  KOUANYI  that  he  applied  these  results  to  the  disturbances  of  the 
circulation.  Wo  have*  to  thank  him  for  a  truly  illuminating  dis- 
cussion of  the  pathological  physiology  of  the  circulation  (A.  VON 
KOUANVI  and  ().  KICHTKK,*  Vol.  II,  p.  51  d  we/.). 

Finally,  we  may  conclude  that  increase  in  the  CO2  content  causes  a 
swelling  of  tin*  blood  corpuscles  which  may  be  considered  the  chief 
factor  in  the  increased  viscosity  of  the  blood.  By  introducing 
oxygen  the  process  *IH  reversed. 

Circulntory  diNturlHtncM  may  be  conditioned  by  failure  of  the 
motor,  the  heart,  by  changes  in  the  pipe  xyxtcm,  the  arteries,  veins 
or  capillaries,  or  finally  by  increased  mms'%  of  the  blood.  Every 
change  in  the  internal  friction  of  the  blood  must  in  the  first  place 
have*  an  effect  upon  the  heart-,  and  in  the  second  place  upon  the 
tubular  system.  It  follows  then  that  a  deficient  cardiac  function 
may  primarily  produce  an  increased  viscosity  of  the  blood  (through 
insufficient  supply  of  oxygon),  or  an  increased  viscosity  of  the.  blood, 
duo  primarily  to  a  disturbance  in  tissue  metabolism,  may  secondarily 
result  in  a  disturbance*  of  the  heart.  We  have  recognized  that  an 
accumulation  of  acids,  especially  an  accumulation  of  (X)2,  may  be 
responsible  for  an  increase  in  the  viscosity  of  the  blood.  It  would 
indeed  bo  a  grave  error  wore  we  to  believe  that  the  course*  of  events" 
in  the  body,  during  circulatory  disturbances,  has  the  simple  formula 
wo  have  given.  A  further  presentation  of  the  complicated  circum- 
stances and  the  therapeutic  influences  would  take  us  far  beyond  the 
limits  of  this  book,  although  most  of  the  phenomena  have  not  as  yet 
boon  considered  from  the*  colloid-chemical  standpoint.  The  increase 
in  the  number  of  red  blood  corpuscles,  the  increase  in  their  (•!  con- 
tent, etc,,  the  entire  course  of  circulatory  decompensation  and  com- 
pensation an*  questions  which  in  the  present  state  of  knowledge  arc 
solved  better  by  the  practised  eye  of  clinicians  than  by  the  calcula- 
tions of  research, 

Secretion  and  Absorption. 

Water  and  food  enter  the  gastrointestinal  canal  in  normal  nutri- 
tion, Tin*  food  is  changed  from  a  colloidal  to  a  erystalloidal  con- 
dition and  in  thus  able*  to  pass  through  the  intestinal  membrane  with 
the  water  and  HO  roach  the  interior  of  the  body  it  is  atixorhed. 
KXCOMM  of  water  and  useless  crystalloids  are  eliminated  by  the  glands 
(wmtiun ! t  If  wo  accept  thin  rough  sketch,  secret  ion>  becomes,  as 
M.  H.  KisritKU  has  defined  it,  ///r  mirror  huutje  of  absorption.  There 
lift*  organs  which  take  tip  solutions  and  those  that  eliminate  them. 
Wo  know  from  previous  chapters  that  the  organism  strives  its  utmost 
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to  maintain  its  normal  condition  of  swelling,  so  that  there  must  be 
phenomena  in  the  absorptive  organs  which  oppose  those  in  the 
secreting  glands.  M.  H.  FISCHER  recognized  these,  both  in  the 
oxidation  processes  of  the  cells  and  in  the  circulation.  The  func- 
tionating cell  producing  acid,  like  venous  blood  rich  in  CO2,  has  an 
increased  swelling  capacity  —  it  absorbs  water;  the  resting  cell, 
being  well  supplied  with  oxygen  like  the  arterial  blood,  has  an  excess 
of  water  —  it  secretes.  Thus  we  see  that  in  the  fluctuating  supply  of 
oxygen  to  an  organ  are  furnished  the  conditions  for  the  occurrence 
of  absorption  and  secretion. 


CHAPTER  XIX. 
ABSORPTION. 

(B<»c  also  p.  409  ci  ,w/.,  Heetion  on  Purgatives.) 

THK  absorption  of  food  materials  or  alien  substances  m  accom- 
plished by  a  dissolving  current  which  originates  in  the  intestines  and 
flows  through  the*  body.  There  it  parts  with  some  substances  and 
takes  up  others,  finally  excreting  through  the  various  glands,  but 
especially  the  kidneys,  such  crystalloids  as  have  become  superfluous. 

Substances  may  be  absorbed  from  other  places,  through  the  skin 
and  mucous  membranes,  from  peritoneum  and  pleura.  This  may 
occur  when  exudates  have  collected  and  have  been  absorbed,  or  when, 
the  substance's  have  been  injected.  In  some  animals,  as  in  the  frog, 
absorption  of  water  occurs  only  through  the  skin.  Subcutaneous, 
intramuscular  and  intravenous  injections  an*  made  m  order  to  intro- 
duce substance  into  the  body  without  their  passage  through  the 
intestines.  The  absorption  of  substance's  thus  introduced  into  the 
organism  is  termed  parcntcrul  absorption. 

Alimentary  Absorption. 

Besides  tin*  fluids  which  are  taken  with  food,  there  in  daily  poured 
into  the  intestines  of  adult  men  700  to  1000  c.c.  of  saliva,  000  to 
mm  e.e.  of  bile,  600  to  HOO  c.c,  of  pancreatic  juice,  1000  to  2000  c.c.  of 
gastric  juice,  200  c.c.  of  sueeus  enterieus;  in  all  .11  to  4.9  liters. 
Inasmuch  an  in  healthy  men  hardly  400  to  500  c.c.  of  this  fluid  ant 
evacuated  with  the  iVces,  then*  must  normally  occur  a  reabsorption 
of  2.7  to  4.5  liters.  To  this  must  be  added  i  to  1.5  liters  of  liquid  food, 

HO  that  the  alimentary  tract  absorbs  about  0  liters  daily- -quite  a 

considerable  tusk. 

With  the  water,  dissolved  substances  arc1  also  absorbed.  Inas- 
much as  the  intcHtinul  membrane1  is  impassable  for  colloids  (with 
the  exception  of  very  finely  emulsified  fats),  it  is  the*  function  of 
the  alimentary  tract:  with  the  help  of  the  ferments  to  convert  the 
foodstuffs  into  an  easily  diffusible*  condition. 

The  intestinal  tube*  is  a  membranes  which  separates  the  interior 
of  the*  body  from  the*  foods  introduced  and  the  digestive  juices.  It 
is  the  function  of  research  to  discover  what  forces  drive  these4  solutions 
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respectively  (instead  of  75  and  108  e.c,)  in  experiments  3  and  4. 
The  pnx'WK  becomes  clear  immediately  if  we  regard  absorption  as 
actually  a  welling  phenomenon.  We  know  from  page  67  that  ac- 
cording to  P.  HoFMKisTKit,  a  swollen  gelatin  absorbs  more  salt  than 
water  from  a  dilute  Halt  solution,  and  that  in  the  presence  of  NaCl 
the  absorption  of  water  is  stronger  than  in  the  case  of  pure  water. 

Further  light  is  thrown  on  this  discovery  by  the  researches  of  M. 
(>KKit-Bu>M,*  who  showed  that  serum  takes  up  a  hypcrtonic  common 
Halt  solution  more*  readily  than  an  isotonic  one. 

From  the  tuble  on  page*  318  we  see  that  a  concentrated  salt  solution 
which  cause*  shrinking  in  but  slowly  absorbed. 

If  we  consider  the  absorption  of  other  salts,  we  find  that  those 
which  an  a  rule*  promote  the  swelling  of  fibrin,  gelatin,  etc.,  also  as 
a  rule  promote  the  absorption  of  water  in  the  intestines.  Therefore, 
there  w  a  further  pumttdimi  between  rapidity  of  diffusion  and  fur- 
therance of  welling. 

From  the  researches  of  K.  HoBwn*1  as  well  as  those  of  G.  B.  WAL*- 
LACK  and  A.  K.  ('UHIINY,*  we  obtain  the  following  series: 

Hate  of  diffusion:1    !IPO4f  SO4  <  PI  <  N()8  <  I  <  Br  <  01, 
Hate  of  absorption:   VI  <  II PC),,,  HO4  <  NO,  <  I  <  Br  <  01, 
Kate  of  diffusion:   M«  <  ('a  <  Ba  <  Na  <  K, 
Hate  of  absorption:    Ba  <  Mg,  Oa  <  Na,  K. 

From  this  series  we*  see  that  there  is  in  general  a  parallelism  between 
tin*  rates  of  diffusion  and  of  absorption. 

Fl  and  Ba  being  jxwerful  protoplasmic  poiftonR,  it  does  not  sur- 
prise us  that  they  form  un  exception  and  inhibit  absorption. 

Similar  relatioushipH  between  the  rates  of  diffusion  and  of  alworp* 
tion  w<*re  determined  for  a  series  of  organic  salts  and  nonelectrolytea 

It  may  be  said,  then,  that  slowly  diffusing  sulwrtanccH  are  slowly 
ntjHorbedi  uiul  that  electrolytes  canning  shrinking  may  impede  mot 
only  their  own  absorption  but  abo  that  of  others,  and  that  Bubstanoea 
rapidly  tliffuxiblc  and  favoring  nweMng  act  contrariwise.  This  follows 
from  the*  invent  igutioiw  of  K.  HOKMKWTKJI  and  Ms  pupils  its  well  as 
those  of  II.  BKrnifowi  and  J.  XIKULKH. 

The  im]H>rt.ttncu*  of  swell  ing  i«  expecially  evident  when  two  different 
sulwtunees  are  nhsorlxHl  winultant»ously.  Let  us  take  for  example 
mi  pxpt*rimeut  of  KAT«KNTKLLKNWOOKN.*  Simultaneously  with  so- 
dium rhiurid,  then*  were  intnxluec»d  glycocol  and  acetone,  wliich 
purely  do  not  favor  swelling,  Imt  the  latter  rather  the  reverse,  and 
urea  which  inducrn  Hwc*lliiig  to  u  Iiigh  degree, 

1  F«r  I,  Br  and  C'l  tlwrt*  have  been  substituted  the  diffuaion  path  in  jellies 
of  rufritlit  *  of 
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Experiment. 

Introduced. 

Recovered. 

c.c. 

c.c.  of  menstruum 
(average). 

Per  cent  NaCl. 

1 
2 
3 

Glycocol+0.45%NaCl 
Acetone  +  0.45%  Nad 
Urea        +  0,45%  NaCl 

50 
50 
50 

36 
15.5 
17 

0.332 
0.631 
0.496 

From  this  we  see  that  sodium  chlorid  absorption  is  greatest  in 
the  presence  of  urea,  because,  in  spite  of  the  great  shrinkage  in  the 
quantity  of  fluid,  the  concentration  of  sodium  chlorid  is  but  slightly 
increased.  This  coincides  with  the  results  of  the  experiments  of 
H.  BECHHOLD  and  J.  ZIEGLER  *2  in  which  urea  in  the  main  favors 
diffusion  in  gelatin  and  in  jellies.  If  we  assign  to  acetone  properties 
similar  to  alcohol,  we  may  explain  the  surprisingly  rapid  absorption 
of  water  in  the  above  experiment,  because,  as  has  been  said  on  page 
70,  a  certain  proportion  of  alcohol  increases  the  ability  of  glue  to 
swell.  From  these  observations  we  gather  new  points  of  view  in 
regard  to  the  ready  absorption  of  protein  cleavage  products,  which  I 
shall  elaborate  on  page  411. 

We  may  make  still  further  deductions  from  the  above  observations, 
since  in  experiment  1  we  have  seen  that  the  NaCl  content  of  the 
blood  is  higher  (about  0.6  per  cent) ;  so  that  it  has  been  absorbed 
against  the  osmotic  pressure  of  NaCl  in  the  intestines.  This  is  ex- 
plained on  pages  318  and  319.  In  experiment  2,  the  contrary  is 
the  case:  the  osmotic  pressure  is  higher  than  in  the  blood;  appar- 
ently the  structures  capable  of  swelling  absorb  less  NaCl  in  the 
presence  of  acetone. 

Nor  need  we  be  surprised  by  the  fact  discovered  by  OTTO  COHN- 
HEIM,  that  a  hypotonic  grape  sugar  solution  introduced  into  a  loop 
of  the  small  intestine  becomes  more  concentrated.  From  the  same 
experiments  we  know  that  grape  sugar,  which  of  itself  diffuses  slowly, 
decreases  the  permeability  of  the  swollen  jelly,  and  thus  blocks  its 
own  passage. 

Substances  which  themselves  possess  great  capacity  to  swell,  e.g.j 
agar,  hinder  the  absorption  of  water  to  a  high  degree. 

It  still  remains  a  question,  how  the  intestine  maintains  its  ability 
to  take  up  water,  since  water  is  constantly  being  removed  from  the 
intestine  by  diffusion  or  swelling.  The  theory  proposed  by  MAKTIN 
H.  FISCHER  *  seems  to  offer  valuable  assistance. 

He  starts  with  the  idea  that  venous  blood  containing  carbonic 
acid  has  a  tendency  to  swell,  i.e.,  to  take  up  water;  arterial  blood,  on 
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the  other  hautl,  has  a  tendency  to  shrink  or  become  dehydrated.  He 
showed  that  the  arteries  of  the  mesentery  spread  out  into  a  capillary 
network  which  lies  directly  under  the  •inte.xtinal  epithelium  and  empties 
into  the  portal  vein  as  blood  containing  much  carbonic,  acid.  Ac- 
cording to  V.  LlMUKCK,  A.  (iURBKH  and  II.  J.  IlAMBUR(UOH  rod  and 

white  blood  corpuscles  undergo  an  increase  in  volume  of  from  5  to  10 
per  cent  when  they  enter  the  venous  blood  from  the  arteries.  Ac- 
cording to  this,  one  liter  of  blood  which  passes  through  the  intestine 
would  take  up  17.5  e.e.  of  water  even  if  we  were  to  ascribe  the  ab- 
straction of  water  to  the  blood  corpuscles  alone;.  From  this  fact, 
M.  H.  Fis<!HKtt  assumes  that,  venous  blood,  so  long  as  it  is  present 
as  such,  absorbs  water  from  the  intestinal  mucous  membrane.1 

Though  the  facts  so  far  discovered  seem  so  dearly  to  explain  the 
processes  of  absorption,  we  must  not  overlook  the  fact  that  they  are 
the  result  of  experiments  which  have  not  lung  in  common  with  natural 
taking  of  food,  etc.,  by  mouth.  On  this  account,  certain  objections 
have  boon  raised.  The  living  intestinal  wall  is  not  a  closed  tube  but 
one  traversed  by  solutions,  so  that  it  is  therefore  a  question  whether 
many  phenomena  arc*  not  quite  different  in  the  living  animal.  The 
important  discovery  of  LOKPKU  *  must  bo  mentioned:  if  salt  solutions 
of  a  given  concentration  an*  given  by  mouth,  they  are  either  concen- 
trated or  diluted  HO  that  they  reach  the  •intcatincH  in  approxlnuitch/  iso- 
turric  condition.  From  a  practical  standpoint,  all  those  conclusions 
must  bo  ignored  which  are  based  on  the*  presence  of  hypotonio  or  hyper- 
tonic  salt  solutions.8  For  the  phannaeologie  deductions  see  page*  411. 

Within  tlic*  intestine  the  osmotic  pressure  must  vary  greatly  with 
the  enzymatic  cleavage  of  the  food,  and  it  is  impossible  to  undor- 
ntund  why  at  low  osmotic  pressures,  salts  of  the  blood,  or  crystal- 
loid cleavage  products  of  albumin  might  not  diffuse  back  into  the 
mtoHtino  from  the  interior  of  the  body.  Based  on  the  investiga- 
tions of  F.  AIWKHHALDRN,  it  in  ulnumt  certain  that  colloidal  albumin 
is  reconstructed  from  its  cleavage  products  in  the*  intestinal  wall. 
Tho  int OH!  "mill  wall  functionates  as  a  nuction  pump  for  the  crystalloid 
cleavage  products  of  albumin  which  drawn  a  stream  of  crystalloids 
from  the  intestinal  lumen  in  the  direction  of  the  interior  of  the  body. 
We  may  dismiss  from  consideration  the  absorption  of  albumins. 

*  lit  my  opinion,  KWCHKK'H  theory  often*  valuable*  aid  in  explaining 
injflnrni't'H  upon  proeeHHen  of  newt  ion  awl  reHorption,     I  might  MUKgeHt  that 
tltnrrhrti*  may  he  attributed  to  increimed  arterial  blood  mipply  to  the 
It  w  quite  natural  to  regard  diarrheatt  accompanying  inflammatory  proeeww  in 
the  intentine*  iw*  a  rorwequewte  of  the  inereiiHed  nupply  of  arterial  blood. 

s  In  my  opinion  thin  doen  not  cxelutic  the  fact  that  when  introduced  into  the* 
intent  inert,  the  intent  inul  contents  are  uwially  hypcrtome  winee  eryHtalloiclH  are 
unmternmteclly  formed  iw  a  result  of  dip;<*«tion  in  the  i 
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There  arc  two  important  facts  established  by  II.  J.  ILuatrituKit  *";> 
au.d  (iiUAHD.*  The*  former  shown!  that  it  w:is  |H>ssihlc  to  prepare 
membranes  that  wen*  more*  permeable  from  one  side  than  from  the 
other.  As  a  result  of  this  exi>eriment  of  H.  J.  lUMttrutiKii  we  may 
state  that  crystalloids  jwiss  from  the  lumen  of  tin*  intestine  toward  the 
periphery  and  yet  no  crystalloids  of  flu*  blood  may  diffuse  back  into 
the  lumen  of  the  intestine.  It  remains  an  oj*»n  <|Uestion>  whether 
the  small  quantities  of  XtiOl  found  in  the  mtestint*  in  absorption 
experiments  come  from  the  secretion  of  tin*  intestinal  gland*,  or 
whether  the  semif>ermeability  of  the  intestinal  membrane  U  limited 
in  the  direction  of  the  lumen  of  the  intestine. 

Of  the  greatest  general  importance  an*  the  investigations  of 
GiftAitt).  The*  exl'UUiHtJi'e  t!«*on*tienl  dtscti^ion  trf  their  lta*U  wnnlii 
lead  us  too  far  afield.  The  following  exprriiinul  in  HUKKrstt«d:  if  u 
salt  solution  in  Hus{x*nd<xi  in  a  pig1^  I*laddt-r  in  water,  the  ratr  of 
diffusion  depenik  on  whether  the  salt  solution  i*  neutral,  ^I5«htly 
alkaline  or  slightly  aettl.  The  clause  of  thi*  in  fouinl  lit  tin4  fact  that 
the  membrane  is  the  seat  of  an  elect romi»tivi*  fi»rce,  \V»*  coitchnit* 
from  this  that  by  chunking  the  reaction  on  both  sit  Irs  of  thi*  inft^fiiuil 
membrane  the*  nite  of  diffusion  umy  U*  rliintgril  or  regulated;  *o 
that,  i\f/.f  with  an  alkaline  n*action  \vhich  twcurs  in  (he  iutiv.tiu*^, 
the  dtfTusion  is  very  Htrongly  iitereiMt^t 

Hith<»rU>  we  have  start <«d  from  thi*  jiKHiunption  thai  th«*  t!»t«*st»ml 
wall  in  of  uniform  textun*.  This  is  not  the  m^i\  u^  n  vi«*iv  of  a  iiiirrtH 
scopic  section  and  simple  eottsid(*rntioti  sho;\\N;  th«4  int«*?4iu»-  i>*  ct>m- 
poscd  of  celln  as  is  evfery  otlier  orKan,  HIM!  we  know  that  cHln  an* 
only  permeable  for  (*rysUiiioids  In  a  limited  extent.  ArconlinKly» 
then*  intiKt  t^xist  an  easier  wny  for  th««  nbfiorptitut  of  crvHtnllotds  than 
through  the  ec»lls;  it  must  mnir  intt-m'llutnrty.  If  is  diiTt*r<4itt  in  tin* 
cam*  of  lifHntt-HutiM?  xulMhtncv*;  th«*y  ur«*  ulHorU-d  intrnfrttnlnrtih 
£.{/M  ethyl  alcohol  IH  a!)Ht>ri>ixi  much  more  niptdlv  wilt  ^ihitton. 

Numerou*  experimi*nt*i  of  It  Iliniiai  ftiivr  <*NlnitltHhrd  in  flii» 

corre*<*titeHs  of  this  view. 

The  colloid-chemical  study  of  ttili^tiniiJ  ut^irption  already 
yielded  remiltn  for  {mthoIoKy. 

R  MAYKIUIOKKU  iiml  Iv  !'fiittffAMl'1'  in  n  uf  vahmhli*  invi*^ 

tigatbiiH,  have  twtal  the  niitdttinit  of  ami  fiw  al»ili(y  to 

swell  of  the  normal  nntl  the  piithnlupritJiy  iifiiiiig«^i  iuti'Mtiiu-, 
They  found  that  the  wwr/wi/  iim!  t*>|i«riatly  flu*  urtilf!}/  niitiiiml 
infantine  were  much  swollen  and  flit*  hittrr  }«i?^r^rif  »in  iiirn-ii^i'd 
permeability  for  cryHtniiotd*.  Tin*  rlimiiiV«%  i«/f.^im-, 

which  already  showi*il  a  connective  tinhtu*  atrophy,  a  vrrv  ^miill 
fapacity,  m.i  thai  a  iiitn-b  inuiv  liiitifni  \va>.  afTonlfd 
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to  dissolved  substances.  Outside  the  body,  excised  pieces  of  intes- 
tine when  artificially  swollen,  showed  an  increased  permeability 
for  K(.'l,  Na(-l  and  dextrose  such  as  is  possessed  by  acutely  in- 
flamed intestine.  The  reverse  occurred  on  partial  drying  (shrink- 
ing J;  a  diminished  permeability  of  the  pieces  of  intestine  was 
obtained  corresponding  to  chronic  enteritis.  By  means  of  dehy- 
drating Huhstanees  (alcohol,  tannin)  it  was  possible  to  remove  the 
great  difference  in  permeability  between  the  acutely  swollen  and 
the  chronically  swollen  intestine.  Sugar  (dextrose),  especially, 
markedly  increases  the  permeability  of  the  intestinal  wall. 

Thus,  the  clinical  discoveries  of  II.  FINKMLHTKIN,  concerning  in- 
toxication with  sugar-rich  mixtures  iu  children,  find  colloid-chemical 
confirmation.  |An  interesting  colloid-chemical  application  is  the 
treatment  of  diarrheas,  especially  in  children,  by  adjusting  the  diet 
with  ii  view  (o  the  formation  of  insoluble  calcium  soaps  in  the  intes- 
tine. It  has  also  been  ix>iuted  out  by  BOBWOHTH  ct  nl..  Am.  Jour. 
Diseases  of  Children,  Vol.  XV,  No.  (5,  p.  397  ct  w/.,  that  the  forma- 
tion of  (  fa  soups  may  interfere  with  the  absorption  of  fats  and  account 
for  certain  types  of  malnutrition  and  milk  intolerance.  Tr.] 

We  must  refrain  hen*  from  a  more  exhaustive  investigation  of 
ahmtrptitm  ////  tlw  Kttnnaek*  The  number  of  experimental  observa- 
tions is  still  not  large  and  from  a  eolloid-ehemical  standpoint  they 
do  not  assist  . 

It  IH  established,  r.(/,»  that  the  stomach  absorbs  no  water  (VON 
MftitiNo);  on  tin*  contrary  dissolved  substances  (salts,  carlx)hydrates 
and  ullwmms)  above*  a  "certain  level  of  (Concentration"  are  absorbed 
(for  bibliography  see  II.  STRAUSS**  and  W.  ROTH  and  IL  STKAIWB*). 

Parenteral  Absorption. 

Like  those  concerning  intestinal  absorption,  the  studies  of  paren- 
tewl  absorption  have  been  based  almost  exclusively  on  the  laws  of 
osmotic  pressure  in  relation  to  the  permeability  of  membranes  (see 


Tin*  countless  difficulties  were  only  successfully  met  with  the 
entrance  of  the  colloid-chemical  views  of  swelling  and  shrinking,  for 
which  the  rewrtrclu's  of  MAHTIX  H.  Finc.mit*  paved  the  way. 

Researches  on  the  absorption  from  wrous  cant!  a*  havt^  l>eckn 
ititiKi  ntifiu*roUH4  AH  regnrdH  the  absorption  of  cxudntf^,  tlu^  qiu»s- 
tion  should  f«%  nmler  wlwit  circumstances  do  exudates  form?  Nor- 
mally the  orKanism  ullown  no  fluid  to  collect  in  the  serous  cavities. 
We  must,  therefore,  assume  a  change  in  the  permeability  of  the 
living  membrane  or  u  shrinking  of  the  surrounding  tissue.1 
1  HwalHo  M.  I  L  KisntBU,  "Ncphriti,s.fl 
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On  the  basis  of  M.  EL  FISCHER'S  investigations,  the  latter  view 
must  be  regarded  as  correct.  If  a  dilute  salt  solution  is  placed  in 
the  peritoneal  cavity  of  a  normal  living  or  a  dead  guinea  pig,  it  will 
soon  be  absorbed.  More  concentrated  salt  solutions  as  well  as 
solutions  of  the  salts  which  cause  loss  of  water  in  the  case  of  fibrin, 
gelatin,  etc.  (e.g.,  sodium  sulphate,  citrate  and  tartrate)  are  either 
not  absorbed  at  all  or  even  increase  their  volume  inasmuch  as  fluid 
enters  the  peritoneal  cavity  from  the  body.  If  albumin  solution 
is  injected  into  the  peritoneal  cavity,  very  little  will  be  absorbed 
within  an  hour.  The  tissues  about  the  peritoneal  cavity  behave  in 
this  case  just  as  does  every  dead  colloid  that  is  capable  of  swelling, 
and  there  is  no  difference  between  intestine  and  peritoneal  cavity. 
The  results  are  not  so  uniform  when  glycerin  or  sugar  solution  are 
injecied  into  the  peritoneal  cavity.  Though  these  have  a  very  slight 
influence  on  the  swelling  of  fibrin,  they  cause  an  entrance  of  fluid 
into  the  peritoneal  cavity.  Evidently  they  cause,  as  they  do  in  the 
intestine,  an  irritation  (see  p.  323). 

The  investigations  of  this  question  are  not  completed  as  the  re- 
searches of  L.  ASHER  *  have  shown. 

A  great  number  of  marine  animals  have  a  body  surface  which  is 
permeable  for  water  though  not  for  salts.  Corals,  echinoderms, 
holothurians,  etc.,  swell  in  dilute,  and  shrink  in  concentrated  sea 
water.  [A  practical  application  is  the  "  ripening  "  of  oysters.77  Tr.] 
The  same  fact  obtains  for  many  fresh-water  animals,  especially  am- 
phibia, worms  and  snails.  Frogs  never  take  water  through  their 
mouths,  they  "drink  through  their  skins."  In  the  case  of  these  fresh 
water  animals  there  occurs  no  swelling  during  life  for  the  kidney 
excretes  the  excess  of  water.  The  skin  is  also  permeable  for  lipoid- 
soluble  substances.  The  skin  of  warm-blooded  animals  is  different 
from  that  of  cold-blooded  animals  in  that  it  is  almost  impermeable 
for  water  and  allows  only  lipoid-soluble  substances  to  pass  through 
(W.  FILEHNE*  and  A.  SCHWENKENBECHER*). 

From  what  has  been  said,  it  is  evident  that  a  whole  group  of 
factors  such  as  rate  of  diffusion,  swelling,  osmotic  pressure,  play  a 
part  in.  absorption  —  and  we  shall  observe  the  same  for  secretion  — 
and  that  there  are  many  gaps  in  the  experimental  data  which  sup- 
port these  views. 

The  undoubtedly  active  r61e  of  adsorption  has  not  been  touched 
upon;  and  it  is  possible  that  the  negative  phase  of  the  blood  pul- 
sations may  have  certain  importance  through  its  suction.  Some 
phenomena  regarded  as  filtrations,  for  which  the  pressure  in  the  in- 
testines seems  somewhat  too  slight,  may  be  explained  by  a  pulsating 
loss  of  swelling  (dehydration).  The  alcohol  question  received  a  new 
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light  from  colloid  studies.  We  saw  on  page  70,  that  gelatin  swelled 
more  in  weak  alcohol  solutions,  and  we  know,  on  the  other  hand, 
that  strong  alcohol  causes  shrinking.  Thus  we  may  possibly  ex- 
plain the  favorable  action  that  small  doses  of  alcohol  have  on  the 
absorption  of  nourishment.  Some  day,  chronic  alcoholism  may  pos- 
sibly receive  a  physico-chemical  explanation  from  the  change  in  the 
condition  of  the  body  colloids,  whether  albuminous  or  lipoid. 

[W.  BURRIDGE  has  offered  what  seems  an  adequate  physico-chemical 
explanation  of  chronic  alcoholism.  Quarterly  Jour,  of  Medicine, 
Vol.  X,  No.  39.  In  the  alcoholic  who  "takes  a  little,  often,"  the 
adrenin-like  action  of  alcohol  predominates,  and  there  is  an  improved 
utilization  of  Ca.  To  accommodate  for  this  the  Ca  tension  of  the 
blood  is  diminished  so  that  when  deprived  of  his  drug  the  circulation 
of  the  chronic  alcoholic  is  like  one  using  a  perf  usion  solution  containing 
an  inadequate  supply  of  Ca.  This  accounts  for  the  acute  circulatory 
symptoms  upon  the  withdrawal  and  possibly  for  the  tremor.  It  also 
accounts  for  the  increased  anesthetic  risk,  if  the  accustomed  Ca 
tension  in  the  blood  is  below  that  which  is  adequate  to  maintain  the 
circulation  in  the  presence  of  a  percentage  concentration  of  anes- 
thetic usual  for  anesthesia.  A  similar  colloid-chemical  explanation 
based  on  this  work  of  W.  BURRIDGE  may  be  offered  for  other  drug 
addictions.  Tr.] 


CHAPTKU  XX. 

AMP 
(Kti*  film  Clmjjtrr  \IH,  Ttt««  Ktmyiw^.1 

The 

THK  lymph  ami  tht*  bUnnl  current   discharge  into  the  glands 

when*  they  an*  modified  in  a  xjieeilie  manner.  Thr  result  of  thi* 
selective  art-ion  is  the  secretion  which  jmurs  from  thr  duet*  of  tin* 
various  glands. 

The  cause  of  secretion  is  out*  of  the  in**1"*!  tlt*t-»iiirti  uf  phy»«i(t|<»^- 
ifill  titu^Htions.  Now*  of  flit*  hltHni  rotluitln  arr  luitipi  in  tlii*  nrrrr- 
tioitH,  hut  tht*  rrystttlloi<l.H,  which  ar«*  ahu  rittitauic*tl  in  thr  MIHH|, 
ocrur  In  nhtuuiaucr.  Tin*  fr**i*/inu  jH»iut  «Ii'j»ri4.^intt  j^ivr.s  tn  ati  iilra 
cif  tlu*  totul  rrystalloiil  rotttntt,  11t!-4  >ln»\v»»  lii*eit  thr  rry^tallotii 
coutput  trxpn»HHi*ti  114  tisiiituir  jirrRMiiriM  <»i  t In*  xnlmi  IH  ut\vay^  luwrr 
than  that  of  tin*  iilotni;  t  hi*  osmotic  |>n*^Mtrr  **f  iiti^lrif  jaw  aittt  /*»/*• 
may  Hjtitti  Unit-  of  fh«f  l*lo<*i;  mill"  hn."i  approxiiuntrly  thr  .^aiur 
onmotic  pn»ssuri'  iw  \*lmnl  an<i  flttcttmtrH  with  it  in  thi**  n*MjMM't, 
tiwt'ttt  mid  <*34jM*«'iaIIy  wiinr,  »n  tin'  cmttrary,  tuny  nthrr  havr  it  lou'rr 

osmotic  prt»HHUn*  than  tin*  liltMMi  or  r\rt*nl  it.       If  wrrrrtiuu  Urrr  iiiili/ 

un  uliraftltnttioti  of  the  hloinl  tlirtitiuli  tin*  filtrr**,  it  \vouKl  !«* 

inromi>n'hi*usihlr  how  mi  excretion  eouM  nrntr  ^jth  n  lowrro^iuotie 
piTMHtin*  thtm  tin*  hloxnl,  or  with  one  i*  htuhrr,  i^  «wrnt  anit 

tirtiu*,     The  nmtitttotis  are  es|H*t*inlly  ru!ti|f)tcntrti  l»y  reason  «>f  the 
fuel  that  the  relative  crystalloid  content,  of  vanou**  srcretion 
he  ithsoluteiy  different  from  they  un*  iit  the  t»iitu«|  p 

Thus,  for  instanee,  milk  eontnins  from  4  to  a  j«»r  ernt  milk 
when*us  tlte  hlt««.t  shows  only  from  O.OH  t«i  I1J2  |*er  ernt 
urint*  contuins  ciisproport  innately  luun*  uf  her  ^iltn,  wherejisM 

the  mttount  of  urra  In  ttn*  |I|IMM|  is  entiri'ly  We  thu* 

find,  iH'sidespnHlticitkK  sjH*cific  sttlistntieeH  iilii!t*3  |H*pmn,  ptv.ulin,  rtcj, 
tliiit  the  intiividtml  glimdH  hiive  «.  «/*ri/iY  rir/Vn'/?/  in  rehutoit  t«*  the 
lymph  cTystatlitids,  whirh  stune  biologist*  rvrti  !«>*diiv  preft-r  toa^ign 
to  the  inoxptirnhlt*  phystnloKirut  funrtious,  nnd  llni^  to  n*iitovi*  it 
from  phyriirni  and  clitiiiiml  study.  As  yet  rulltiid  chemist rv  ha**  no 
totter  eiptiiimtiiiit  to  nfTer.  However,  if  probable  t<»  IIP*  that 

wts  shiill,  with  itK  help,  ruiue  fn  a  solution  of  the**  ijtieHtion*. 
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We  may  assume  thai  various  colloid-tissue  elements  differ  in  their 
ability  to  absorb  different  crystalloids  which  they  remove  from  solu- 
tion, just  m  fibers  remove  dyes,  and  that  thus  a  different  composition 
is  given  to  the  ultrafiltrate.  There  is  ample  reason  to  believe  that 
certain  crystalloids  (r.</,,  urea,  nitrates,  etc.)  open  the  paths  through 
the  colloid  membrane,  while  others  (tf.f/.,  sulphates)  close*,  thorn  just  as 
\virn  shown  in  tluur  diffusion  exjxuimeiits  with  jellies  by  IL  BKCHHOLD 
and  J.  ZIKGLKK.  (see  p.  f>5).  Side  by  side  with  this  occur  the  specific 
chemical  activities*  of  the  gland  elements  which  give  thorn  their  par- 
ticular character,  the  formation  of  ptyiilin  in  the  salivary  glands, 
atul  of  bile  in  the  liver,  etc. 

K.  PitniitAM  *l  has  formulated  a  theory  according  to  which  there 
fir»t  occurs  a  coagulation  of  nutritive  material  (granule  formation) 
in  the  gland  colls,  which  is  followed  by  swelling,  /.^.,  secretion.1 

With  the  above  ayxtemtdizfition  of  glandular  function,  wo  may  ol>- 
taiu  an  explanation  of  a  number  of  processes,  and  we  may  learn  how 
to  study  the  remainder.  We*  shall,  therefore,  regard  every  secretion 
as  an  ultra  filtrate  wliow  composition  w  changed  by  rcabxorption  and 
xpwific-  adsorption,  and  to  which,  in  the*  cane  of  most  glands'2  (e.g., 
Halt  vary,  pancreas  liver,  etc..),  specified  chemical  products  of  glandu- 
lar activity  are  added.  In  what  order  the,  change  by  adsorption 
and  ultrafiltration  occurs  remains  for  the.  present  an  OJMUX  quotation. 

The  presence  of  free  water  it*  an  essential  condition  for  the  ultra- 
filtration  of  the  blood.  This  applies  only  to  the  glands.  As  wan 
mentioned  In  more  detail  elsewhere,  wo  may  assume  with  MAIITIN  II. 
FtHruHit  that  verunw  blood,  rich  in  05<\  abntraats  water,  whoreaw 
arterial  blood  can  release  it.  We  now  know  that  all  glands  are 
plentifully  wupplied  with  arterial  blood  HO  that  the*  free  water  neces- 
Hiuy  for  ultrafiltrution  in  Hupplitnl  The  influence  of  the  pulmitionw 
of  itlcxxl  preHKure,  noUxl  by  II,  WKt*HH()U>,  in  coiLwh^nnl  on  pago  832. 

1  Many  authors  distinguish  btitwoun  secretion  and  excrdion  (urimi,  nweatr 
<»!<*,);  wh(»mw  the  former  ncmtaw  wjllowlal  ingrwliimtn,  th(»y  art*  more*  or  law 
romplotcly  absent  from  the  latter.  Sinot*  then*  LH  no  cHHCintial  difTen^nw  we  Hhall 
itftt  Htrtftly  enforet*  thin  rlaHHtfieation, 

3  It.  canuot  be  denied,  that  the  mnmdwation  of  the*  tHgrxtiw  ylandti  from  thin 
vif<vv|*>int  offern  very  ^otwiderable  difficult Uw,  «imu^  ilieir  function  in  controllcKl 
t<»  a  very  ureat  extent  by  in-won*  "mllimmw.  The*  glands  which  arc*  tu)t  directly 
under  the  rontro!  c»f  the  nervous  system,  r.(/,t  the^  kidnc\VHT  ^ive  clearer  pictures. 
Hinre  we  know  that-  thire  w  an  <*x<w»Hrt  of  water  in  arterial  blood  and  tluit  venous 
hlcxxi  ftxea  water,  the  nervous  «ontn»l  of  wcretion  bwjomen  «i  working  hypothesin 
itr  a!  leiwt  the  qtit*«tion  becomes  nhift^'d,  anil  we  miwt  inveBtigate  the,  effect  of 
w  inttuem'CH  on  the  wupply  of  bltKxl  to  the*  glanda. 
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The  Saliva. 

Under  normal  circumstances,  700  to  1000  c.c.  of  saliva  are  secreted 
daily.  The  amount  of  salivary  secretion  is  largely  influenced  by 
the  amount  of  water  contained  in  the  body.  If  large  amounts  of 
water  are  taken,  the  salivary  secretion  is  plentiful,  whereas,  with 
diarrhea,  profuse  sweating  and  fever,  it  diminishes  greatly  (dry 
mouth). 

Of  all  the  secretions,  the  saliva  has  on  the  average  the  lowest 
osmotic  pressure;  its  freezing-point  depression  is  from  0.11°  to  0.27°  in 
man,  in  contrast  to  blood  with  from  0.58°  to  0.60°.  If  the  excretion  of 
saliva  increases,  there  is  an  increase  in  the  crystalloids  contained  and 
to  such  an  extent  that  when  the  secretion  is  greatest  it  almost  reaches 
that  of  blood  plasma;  it  then  contains  0.58  per  cent  NaCL  The 
•fact  that  with  increased  salivation  the  carbonates  are  proportionately 
increased  in  the  saliva,  strongly  supports  in  my  opinion  the  role  of 
ultrafiltration  of  the  blood  plasma  in  the  secretion  of  the  saliva.  If 
the  NaCl  content  of  the  blood  is  increased,  that  of  the  saliva  also 
increases,  and  conversely  (J.  NOVY,  J.  N.  LANGLEY  and  FLETCHER). 
If  potassium  iodid  or  lithium  citrate  are  introduced  into  the  cir- 
culation (J.  N.  LANGLEY  and  FLETCHER),  iodin  or  lithium  may  be 
demonstrated  in  the  saliva  immediately;  whereas,  after  introducing 
grape  sugar  and  potassium  ferrocyanid  they  do  not  appear  in  the 
saliva  at  all  or  only  after  a  long  time.  All  these  facts  support  the 
view  that  the  chief  process  is  an  ultrafiltration.  The  last-mentioned 
experiments,  especially,  show  that  potassium  iodid  and  lithium  citrate, 
which  diffuse  rapidly  and  open  paths,  appear  in  the  saliva  promptly, 
whereas  grape  sugar  and  potassium  ferrocyanid,  as  a  result  of  their 
slowness  in  diffusion,  penetrate  the  filter  membrane  slowly,  so  that 
meanwhile  they  may  be  excreted  in  other  ways.  For  the  two  remain- 
ing elements  in  the  function  of  the  salivary  glands,  the  change  in  the 
composition  of  the  ultrafiltrate  and  the  addition  of  the  colloid  con- 
stituents, we  have  as  yet  no  experimental  data. 

The  Bronchial  Glands.1 

An  analysis  of  the  individual  functions  of  the  secretion  of  the 
bronchial  mucous  membrane  has  proved  hitherto  entirely  impossible. 
It  is  an  indication  of  ultrafiltration  that  with  an  increase  in  the 

1  MARTIN  EL  FISHER  with  justice  questions  why  the  secretion  of  superfluous 
water  commences  in  the  kidneys  instead  of  in  the  lungs,  since  by  the  change  of 
the  venous  blood  rich  in  carbonic  acid  into  arterial  blood,  water  is  actually 
liberated.  He  thinks  that  water  is  not  secreted  in  the  lungs  because  of  the  im- 
permeability of  the  membrane,  or  because  there  is  insufficient  time. 
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secretion,  there  is  an  increase  of  the  alkali  carbonates  in  the  mucus, 
which  like  all  alkaline  substances  fluidify  the  mucus  colloids, 
especially  the  muein.  The  utilization  of  potassium  iodid  as  an  ex- 
pectorant may  be  similarly  interpreted;  possibly  it  also  favors  ultra- 
filtration  iu  the  sense  of  II.  BKC'IUIOLD  and  J.  ZIMOLMU.  Moreover, 
R.  HOHKU  upon  applying  iodin  found  an  increase  in  the  ciliary  move- 
ments in  the  ciliated  epithelium  of  frogs;  this  increased  activity 
may  assist  in  the  discharge  of  mucus. 


Gastric  Juice. 

The  daily  excretions  of  the  stomach  amount  from  1000  to 
2000  e.c. 

As  has  been  mentioned,  the  osmotic  pressure  of  the  gastric  juice 
usually  is  less  than  that  of  the  blood,  and  according  to  H.  STiiAiiss*2 
it  normally  has  a  freezing-point  depression  of  from  0.30°  to  0.48°. 
.Pathologically  it-  may  rise  to  0,58,  which  is  the  freezing-point  depres- 
sion of  the  blood.  It  is  of  especial  interest  to  know  that  in  those 
cases  where  osmotic  pressure  approaches  that  of  the  blood,  accord- 
ing to  II.  STKATSS,  fnr  IK'l  is  usually  absent.  These  observations 
have*  been  confirmed  by  others  (WINTER,  S.  RCHONBOUN).  This 
fact  of  itself  would  indicate*  that  in  a  stomach  where  the  second 
glandular  function,  the  modification  of  the  ultrafiltrate,  is  arrested, 
the  composition  of  the  gastric  juice  is  more  like  that  of  the  blood 
crystalloids.  We  cannot  omit  to  mention  that  another  fact  is 
opposed  to  this:  in  normal  gastric*  juice,  the  Nad  content  is  nearer 
that  of  the  blood  (0.5**)  per  cent)  than  in  subacidity.  Unfortunately, 
I  know  of  no  adequate  data  upon  pure  gastric  juice  from  a  subacid 
stomach,  HO  that  for  the  present  the  interpretation  must  remain 
indefinite. 

The  secretion  of  u  juice-  with /rat  hydrochloric  acid  from  a  neutral 
fluid,  the  blood,  is  one  of  the  problems  which  offers  especial  diffi- 
culties to  physiologists.  An  attempt  has  been  made*  to  explain  the 
phenomenon  by  the  law  of  mass  action  with  the  help  of  carbonic  acid. 
In  my  opinion  colloid  chemistry  offers  analogies  which  permit  an 
unforced  explanation.  We  know  that  neutral  salts  may  be  split  into 
«r/rf«  and  IMMX  Inj  <ntxnrption  (see  p.  28);  Urns,  for  instance,  an  acid 
fluid  with  free  xulphuric  nrid  remains  after  shaking  a  solution  of 
ixjtmwiwu  sulphate  with  hydrated  manganese  dioxid  (J.  M.  VAN 
BKMMKLKN).  With  this  in  mind  we  need  not  be  surprised  at  the 
Hplitting  off  of  free  IK'l  from  a  solution  of  ehlorids. 

The  Hceretion  of  gastric  juice  is  analogous  to  the  secretion  of  acid 
by  plant  roots,  which,  according  to  BAUMANN  GULLY,  likewise  occurs 
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by  decomposition  of  salts  through  the  adsorption  of  bases  by  the 
pellicle  of  plant  cells. 

Investigations  of  gastric  secretion,  as  far  as  they  relate  to  physical 
chemistry,  have  hitherto  almost  exclusively  consisted  of  observation 
of  the  osmotic  condition  and  the  electrolyte  concentration;  the  ma- 
terial for  review  is  consequently  as  yet  far  too  limited  for  a  colloid- 
chemical  consideration. 

The  Secretions  Which  Pour  Into  the  Intestines. 

There  are  200  c.c.  of  succus  entericus  daily  secreted  by  the  in- 
testinal glands. 

The  Succus  Entericus  is  usually  hypertonic.  If  we  inject  into 
an  animal  (D'ERRico,  chickens,  D'ERRICO  and  SAVARESE,  dogs)  a 
hypertonic  common  salt  solution,  the  osmotic  pressure  of  the  succus 
entericus  becomes  still  higher  so  that  its  freezing-point  depression 
may  increase  to  from  0.89°  to  0.99°  (blood  =  0.59°).  This  corre- 
sponds to  our  conception  that  an  ultrafiltrate  may  be  concentrated 
by  the  absorptive  activity  of  the  intestinal  wall.  The  succus  en- 
tericus, like  the  pancreatic  juice  which  pours  into  the  intestine, 
is  almost  neutral.  The  OH  ion  concentration  is  about  10~8  at  18Q 
according  to  AUERBACH  and  PICK.  Its  alkalinity  is  approximately 
that  of  a  sodium  bicarbonate  solution.  On  account  of  its  higher 
sodium  bicarbonate  content,  pancreatic  juice  has  a  greater  capacity 
to  combine  with  acid  than  has  succus  entericus. 

According  to  H.  ISCOVESCO  *2  the  colloids  of  the  pancreatic  juice 
are  electropositive;  they  form  with  the  electronegative  colloids  of 
the  suecus  entericus  complexes  soluble  in  a  neutral  environment. 

The  Bile:  600  to  900  c.c.  of  bile  are  secreted  per  day. 

The  osmotic  pressure  of  the  bile  is  approximately  that  of  the 
blood;  its  conductivity  is  somewhat  higher.  According  to  H.  Isco- 
VESCO,*2  the  colloid  constituents  of  the  bile  probably  have  an  elec- 
tronegative charge. 

The  Kidneys  and  the  Secretion  of  Urine. 

(See  ajso  p.  409  et  seq.}  on  "Diuretics.") 

We  shall  briefly  review  the  structure  of  the  kidneys  of  vertebrates: 
the  renal  artery  branches  and  in  the  cortex  or  outer  portion  of  the 
kidney  develops  by  the  formation  of  numerous  glomeruli  an  enor- 
mous surface  (Fig.  50),  These  are  knotted  ball-like  branches  of  the 
smaller  arterial  vessels  placed  in  a  vesicle  (Bowman's  capsule).  The 
artery  leaves  Bowman's  capsule,  subdivides  into  capillaries  which 
collect  together  and  form  the  renal  veins.  Bowman's  capsule  has  an 
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out  lot  into  the  urinary  tubules  which  have,  at  first,  a  convo- 
luted course  covered  with  a  thick  layer  of  cells  and  collect  into 
larger  and  larger  tubules  (Fig. 
a  I),  which  ultimately  discharge 
tht»  urine*  into  the  {M'lvis  of  the 
kidney. 

The  phenomenon  of  urine  .srmi- 
tion  consists  in  separating  water 
and  crystalloids  from  a  solution 
containing  colloids  and  crystal- 
lends  (blood),  though*  usually, 
in  a  much  h Inker  concentration 
and  with  a  different  proportion 
of  crystalloid  eonstituontH  than 
occurs  in  the*  blood. 

Without  going  into  flu*  vari- 
ous theories  of  urine  secretion, 
we  shall  hero  sketch  those  which, 
from  physiological  and  patho- 
logical  mvt'stigatious,  seem  most, 
probable.  According  to  this  the 
glomeruli  twa  Jilt  rat  ion  apiwratnx 
in  which  water  and  crystalloids 
are  filtered  off  while  the  colloids 
tire  held  back.  From  this  ultra- 


FKL  51.     Digram  of  urinary  drainage 

+"Twl$  of  fttnetl  Artery  from  Bowman's  capsule.     (From  G. 

Fin,  ,W.    (il<»mi«rtilnrMtructurc».  Ludwig.) 

filtrate  which  contains  the*  crystalloids  in  no  higher  concentration 
than  blood,  later,  jxmsihly  in  the  firwt  portion  of  tlu^  urinary  tubules, 


332  COLLOIDS  IN  BIOLOGY  AND  MEDICINE 

water  and  some  of  the  crystalloids  are  absorbed,  so  that  a  concentrated 
solution,  the  urine,  passes  off. 

In  order  to  give  an  idea  of  the  quantities  of  fluid  which  are  in- 
volved, the  figures  of  H.  MEYEK  and  R.  GOTTLIEB  *  are  reproduced. 
The  blood  contains  about  0.6  per  cent  urea,  the  daily  urine  about 
30  gm.  There  must  thus  be  about  50  liters  filtered  through  the 
glomeruli  and  about  48.5  liters  reabsorbed  by  the  tubules.  Since  in 
24  hours  from  500  to  600  liters  of  blood  flow  through  the  kidneys,  10  per 
cent  of  the  water  of  the  blood  must  be  filtered  off.  This  is  not  at 
all  improbable  when  we  recollect  that  the  afferent  vessels  (vas  afferens) 
have  a  much  larger  lumen  than  the  efferent  (vas  defer  ens). 

The  filtration  processes  are  relatively  the  least  difficult  to  explain. 
The  criticism  until  recently  offered  that  no  filtration  could  occur 
through  homogeneous  colloid  layers  has  been  disposed  of  by  the  ultra- 
filtration  experiments  of  H.  BECHHOLD.*41  It  must  not  be  insisted 
too  strongly  that  the  phenomenon  in  the  glomeruli  is  a  " filtration77 
since  it  is  evidently  a  process  midway  between  filtration  and  diffusion. 

As  in  the  case  of  every  other  ultrafiltration,  that  in  the  kidney  is 
dependent  upon  the  pressure.  According  to  E.  H.  STARLING,  it 
begins  with  an  arterial  pressure  of  at  least  40  mm.  mercury;  below 
this  the  secretion  of  urine  ceases.  In  blood  artificially  diluted  with 
water,  a  minimal  blood  pressure  which  just  maintains  the  circula- 
tion suffices  for  the  secretion  of  urine.1  R.  GOTTLIEB  and  R.  MAGNUS 
showed  this  by  permitting  normal  saline  to  flow  continuously  into 
an  animal7s  vein.  According  to  GOLL  the  urinary  secretion  rises 
and  falls  almost  proportionately  to  the  blood  pressure.  The  experi- 
ment of  D.  R.  HOOKER*  furnishes  a  result  in  point.  He  found  in 
the  isolated  dog's  kidney,  that  with  a  constant  perfusion  pressure 
the  quantity  of  urine  formed  was  directly  proportional  to  the  size  of 
the  (artificial)  pulse  pressure.  The  pulsation  of  the  blood  pressure 
plays  an  important  part  in  the  rate  of  filtration,  H.  BECHHOLD  *12 
compared  the  amount  of  fluid  which  flowed  through  an  ultrafilter 
under  constant  and  under  pulsating  pressure,  and  found  that  in  the 
latter  case  the  filtrate  was  considerably  more  than  in  the  former. 
We  may  imagine  that  with  the  lower  pressure  the  filter  absorbs  the 
fluid  completely  and  it  is  pressed  out  again  with  the  increased  pres- 
sure. This  depends  very  much  on  the  elasticity  of  the  ultrafilter;  if 
it  can  follow  the  variations  in  pressure  very  rapidly,  the  rate  of 
filtration  is  higher  than  for  an  inelastic  filter.  Perhaps  this  will 

1  I  cannot  agree  here  with  MAKTIN  H.  FISCHER  (Oedema,  p.  209.)  He  says, 
"Enormous  pressures  are  necessary  to  filter  fluids  through  thin  colloidal  mem- 
branes." This  is  not  correct.  With  suitably  prepared  thin  collodion  membranes, 
a  few  centimeters  of  pressure  suffice  for  ultrafiltration. 
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give*  us  the  basis  for  an  understanding  of  certain  changes  in  the 
function  of  the  kidney  in  pathological  ami  senile  (Conditions,  in  which 
the  filtering  membrane  is  inelastic.  From  what  has  been  said  it 
cannot  in*  ruled  out,  that  even  in  glomerular  filtration  a  change  in  the4 
nalt  content  of  the  filtrate*  from  UK*  blood  may  occur,  since  salts  and 
water  an*  not  taken  up  equally  during  swelling  (see  p.  09).  We  can 
thus  more  readily  understand  how  a  salt  solution  hypotonic  towards 
blood  may  How  from  the*  glomeruli,  although  according  to  R.  BUIUAN 
an  iwi/iwi'r  fill  rate  is  always  obtained  upon  ultrafiltration  through  an 
artificial  ultraftlter.  Moreover,  the*  difference  in  the  reaction,  of 
blood  ami  of  glomiTular  filtrate  may  contribute  to  the  dilution. 

It.  A.  CiKSKM,  made*  a  remarkable  observation.  Repeating  RECH- 
UOU>'H  experiment  he  employed  more  rapid  pulsation  and  lower 
pressure  and  obtained  from  defibrinated  dog's  blood  a  filtrate  richer 
in  globulin  with  the  steady  than  with  the  pulsating  pressure. 

Obviously,  the  glomcrular  membrane  is  just  at  the  limit  of  permea- 
bility for  serum  albumin;  albumoscs  pass  over  into  the  urine.  We  do 
not  know  whether  the  normal  urinary  colloids  such  as  urochrome  are 
derived  from  the  glomeruli  or  secondarily  from  the  urinary  tubules. 

This  explanation  receives  valuable  support  from  the  investigation 
n{  M, \UTIN  II.  KtHc'HKit,'*  As  we  naw  on  page  215  ct  we/.,  there  is  in 
!li«'  body  a  dynamic*  swelling  equilibrium  for  the  organ  colloids  which 
may  be  regarded  an  constant  for  a  brief  period  in  thirsting  individ- 
uals; in  them  the  secretion  reaches  a  minimum.  With  excessive 
ingest io»  of  water,  edema  does  not  by  any  means  occur,  but  the  excess 
of  water  is  excretrd  by  the  excretory  glands,  especially  the  kidneys. 
As  we  have  *een  on  page  220,  there  is  a  very  narrow  range  of  swelling 
fur  th*'  l*l«MMl;  as  the  result  of  this  all  water  (free  water  in  contrast 
to  water  of  swelling)  which  Is  in  excess  of  what  is  needed  for  the  normal 
condition  of  hyilrat'mn  of  the  blood  is  filtered  of!  by  the  kidneys, 
f*l«*<»iiilly  if  tin*  musdes,  the  main  reservoir,  are  already  saturated 
with  witter.  A  most-  convincing  proof  that  it  is  not  the  absolute 
quantity  of  wntvr  but  the  swollen  condition  of  the  blood  colloids 
which  in  of  Hignilirunrt'  for  the  secretion  of  urine  may  be  found  in 
the  older  i*x|»'rimfntH  of  K.  PojmrK  and  the  more  recent,  ones  of  II. 
NUtisrH.*1  Thm*  investigators  transfused  a  rabbit  with  the  blood 
of  another  nibbit  HO  that  its  blmnl  was  increased  from  30  to  70  per  cent. 
In  Mf»itr  tif  thw  there  wivs  no  inerease  or  hardly  any  increase  in  the 
rM-rrtion  of  urine.  The  same  results  were  obtained  for  dogs  and  nits. 

TItr  ««vi*l  fowvpfum  iiitn«lured  by  M.  H.  KIWJHKII*  is  the  fol- 
lowing: IM  rich  in  C'O,  (venous)  /i««  n  tc.whncu  to  modi,  or  ab«orl> 
wtrr;  MM!  /nmr  in  ('<)«  frtrteriul)  has  a  tendency  to  shrink  or  yiw 
u/i  triilrr,  lite  bliHid.  i«iH.sin«  to  the  int«»Htines  is  very  rich  in  <K)2 
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mui.  eonsequently,  abHtrAet*  tt.it*  r  imta  w»'  i«tf«  ^w,i'.  uwnm"  wti«« 
hrane,  causing  absorption  from  tin*  mf»"»f*n,u  »uw>  n  I'hr  r»'ttr*e 
process  occurs  in  tlr  kuln»*>>.  IV****  ;if*4  tr:ui*t'*»-d  m  yi«  a?  *  tiranm 

of  arterial  hliHxl  which  ran  fctu*  up  niiftT,  li  flu  a-  riuiHum  w 
curreet,  every  increase  in  th*»  *uppl)  *»l  «»\>i'/'U  ^»  *h»  nidm-i*'  in 

creaks  urint*  rtwivtiou,  uiul  «^»*r>  mt«i1«  ffii^t  i|rrr*;iM^*  if,  \i»u, 
i»vt»ry  i*li'Viilbii  «»f  ltlm«t  pr«"*Hui*»  r%rniiini|,?  1^111111114  tip* 

rirruliilbn  in  ih«»  kiilnt^vn  M^utSi  M  an  «upr>»vrmt-uf  in  tin*  <mpplv 
of  ($xy^<*n  atul  i*iV  ivr^t.  \\»*  iiiuili1,  h»m»  4*1%  tthfn  v«»r  tHTttr»*, 

writ  litlfitiittt*  tli«*  *'li4itRi4  tn  tli^    t»»rr'ti*m  M!   sinii^  In  tin* 
i  ittinitkiii  pfi'^ur**  *»r  nit**  nt  ftift'ilt»*ii,     i  *n  ilsr*  t'VMttitt  tti* 
iHt  Ht*h*rt  ifii*  i*irt*itiii4^iiti*i*H  AliP'li  \t    11    I1  1  <  m  u  m  *j*M*m  ,  wliii'li 
always  itulifalo  1111  rnptm1**  n  'nt  nr  uupi^na  sit   in  Mi-    *upph    »rf 

I    H,    *Mh;|!    hl»»wt    p'H»r    »»    u\*^'U    *ii     Hi'h    ill 

iii*  ariii  HUpptti**}  In  lip*  LjiliP^  -  f«>r   th^  l»nrtr  f   pftuni  -mil 

Wtthtiut  i»Vi*li  ilti*  ^{i||illi*,4  ttl^ltlf  liiiliri*  nl   lilt'  ntritlttftifi  stfl 
in  biinli**fttnti*  tn  in,iiittiiiii  tn**ii  SHI    ftt»*  !»i*r|i^^t    |i*«rn«ii   4 
uf  nritii*  tiy  Itir  la«tti»  *  '»,  "     MU  fit*   »»<|MJ   !$.ii4Hl    t 
whtHt  rails!*  nn  inrrtM.t*-*l  *»grrrii*iijM!  »nw*'  UIMII^)*  Tir 
^n  I40mt  prr-*  »*!»«'        \l    }{     f  t  n  $«  n    s 


*!  tartmf**,  pluMpluU**  4iit{  »-iti"if»    »m»t  *tf»t  ^ 

kiilni*y  rti'fri*tunt,  whirl*  '«t*«Hj  $14  »i  **»-ti  uu  ^'Lifi^n  i»t  f  Ji«* 

lyotropit*  action  o!  ttw*  mil*  tiiviihint      \f    II    \\«  HIM  »  %i»mtti'*  hr* 
rt'tmiltH  by  tin*  fnH  Iliiif  f!i«*  xilt»4  isiv»ihf*4  ;irf  tn    -i 
hydrating  tin*  Imtty  n>!l»iiil\  »IM|  thm  tnrr«':kt*um  Mi 
fnw  or  Iilft*nililt»   wat«T   »  •*«*>*   «ilu   K    r«i*%  **      >.i«ir».    «"*i»TuHv 
(loxtOHc%  art  ^iiiitlfirH  »     \L  it,  I'riiiiiJi  fii4ti  A    Si  HI  <  fim^  •*\pl;un 
thti  thirnt  tuul  <ltiin*4?i  i»f  ilnt»*iir4, 
HUIIM*  4ittrt*ttr%  for  in-tian****,  n^-ti,  »*;iU'4*  n*i  iiirM^i,".««t  p"tr«  ul'itt«»n 

«f  Mood,  Vi»t   tfti  V  MtlH  lllirfll,*^  tiii+  klillirl    'irrr*  fiitii  .!,•  J     !!i||i  HM|T 
Illltl  IlltiHHK  ntitmtni,      IliN  Isii'i  Iw^rlt  ?^  ;Mi  It!  ai,%'iili'4l 

tin*  thiHiry  t>f  filtriitiiiii,     lit  ttiv  ujimiim  tin*  *'\piruuf  t«*ii  f»  n,  !«»Ht»u'« 
urtm  obviounly  niiHi*H  di*lWi  uUtttiii  »tf  lip*  r>iliti$4',  lut-liiftnt  in  th»« 
kidney  filter.     \Ve  know  frtmt  IK^*>«  «W  und  IfW  Mut  ur*-n  lMtt*r» 
the  melting  fKiiitf  of  xetatin.  d**er«*.m'H  if  4  rite  ni  *ti»i$dih«'2iVtMii  and 
dtflu»itm  tlmtuuh  ill  ttir^r  (mrt^iM  pt<Hititv  a 

tUtt*mlitlity  of  fb*  wat«*r  »f  llir  and  a  Ki'*-atei   fin 

mixability  <»f  tli«-  renal  filter;    tu  mtml  intent  th»-  r«*iiit^ifjititiii  of 
watt»r  m  infiueneed  eaitnttt  !H»  derid«*i|, 

The  r»xr>erimeutM  of  K.  I*\MV  ant  I  A   M\\i.n*  ^retn  nn  additional 
factor  in  favor  of  the  fill  ntf  ton  f  ht*nrv,     'IV  v  tr*.fed  ftp-  rrlni  i*m  Jiip 
f^twiwm  the  nWn«i|i|  of  the   hlootl   ;uul  diiife-ti"      lltr   t'tiilu 
tables  definitely  nhow  that   with  the  liiimnutxm  nt  frirtina. 
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ecretiou  of  urine  increases  and  conversely.    Though  the  relationship 
4  not  as  evident  in  the  second  experiment  as  in  the  first,  it  is  still  quite 


[eiinite, 


Amount  of  urina  t 

in  leu  mmu 


4.5 


t  of  friotiou. 


12.5 


of  20  gm.  enne  sugar  in  40  e.e.  water: 


Amount  of 

tu  tun 

uritw  HwroUxl 
minutw. 

(Coefficient  of  friction. 

in 

8,90 

10 

12.14 

2,5 

14.  K9 

I 

14.71 

Injection  of  50  gin,  cane  sugar  in  100  c.c,  water: 


Atfitntttt  «»f  wttw 

in  u*n  minut 


C'oe  ill  client  of  friction. 


1 1.  ,19 
10.17 
11.75 
13.92 


[Tlu%  choice  of  sucrose  lor  these*  experiments  is  unfortunate  since,  an 

VI.  11.  FtHc'HKH  nnd  WOODY  ATT  luivtv  shown,  suc.rost*.  dehydrates  and 
)IT«*rs  frcu*  water  to  tlu*  kidney,  (ielatin  and  gum  arabic  raise  the 
»oe(!tc»ient  of  friction  without  increasing  urine  asSTAULiNO  has  shown. 
tlu  re  is  con.Heciuently  no  foundation  fen*  the  conclusions  of  LAMY  and 
MAVKH.  Tr.) 

The  Concentration  of  the  Glomerular  Filtrate. 

The*  filtrate  through  the  glonterular  filter  probably  shown  a  eoneen- 
t  rut  ton  of  ervsfulloid  eonstitueuts  not  much  dilTerent  from  that  of  the 
hl<Hnl  plusitw,  although  u  certain  Helc*ction  and  nnlistributiori  in  the  rel- 
ative proportion  of  the  crystalloids  by  the  rental  filter  is  conceivable. 
Tin*  blood  shows  a  depreHnion  of  the  freezing  point  of  about  0.50°, 
whtwiix  the  urine  of  man  in  health  may  vary  between  0.07°  to  3.5°. 

For  a  urine  of  higher  osmotic  pressure  than  the4  blood,  the  filtration 
theory  fiittHt  look  for  Httpport ,  to  the  assumption  that  water  must  be  sub- 
M*c|ti(*ntiy  withdrawn  from  the  diluted  filtrate  in  the  first  portion  of  the 
urinary  ttilmlc*s.  lite  invent  igat  ions  of  J.  I  >KMOOR  s(u»m  to  me  to  b(^  of 
imperial  iiitiKnliiiice  for  the  nssumption  of  a  mibseciiu^it  change^  in  con- 
ri*ntnition  in  the  urinary  tnlwlrs.  This  author  p(krfus(nl  hypotonic 
aitd  hyiierioitii'  niilt  m>Iutiuus  through  the  renal  artery  and  while  he 
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measured  the  variations  of  renal  volume  in  a  plethysntograph,  he  an- 
alyzed the  fluid  coming  from  the  renal  passages  for  I  hi*  sum<»  time, 

The  kidney  perfused  with  a  hvpotonie  solution  is  firm  and  pale, 
no  fluid  is  expressed  with  pressure;  the  cells  an*  so  swollen  that  the 
luiniua  of  the  urinary  tubules  an*  almost  occluded  typirul  swell- 
ing. The4  kidney  perfused  with  hypwtoiiic  solution  is  large  and  soft, 
much  fluid  is  expressed  by  pressure,  the  cells  are  shrunken  and  the 
tubules  patent.- -typical  shrinking,  (S<»«»  also  It  Sn>:m>;cK.) 

In  the  light  of  MARTIN  II.  KISCUMK'H  theory*  the  explanation  of 
the  concentration  of  the  urine  and  the  tubules  IM*I*OIW*S  Httttple. 
We  need  only  recall  that  the  tubules  are  interwoven  with  capillaries 
containing  venous  blood  which  rcabsorb  water.  This  conception  is 
supported  by  the*  experiments  of  H.  <SOTTUKH  ami  It.  M.v<*xr,s*  us 
well  as  of  K*  II.  STAHMNU,*  who  found  a  diminished  swelling  of 
the  organ  when  the  supply  of  blood  to  the*  kidneys  wan  tiiminishcti. 

Tho  greater  concentration  oft  he  urine  is  not  the  only  f.'irt  retfutring 
an  explanation,  but  also  the  fact  thai  the  relative  pro|»ortion  of  the 
individual  crystalloid  ingredients  is  different  in  the  urine  than  in  flit* 
blood  plasma.  (A.  II,  ('UHHNY  in  his  monograph  on  **  The  Secretion 
of  Urine/'  1917,  divides  tin*  constituents  of  the  plasma  into  tlwshM 
bodies  and  nonthnwhold  bodies.  Dextrose,  chloritis  uiitl  stKiitttu  an* 
exc^retetl  only  when  their  concentration  in  tfie  Mood  t'\ct*««ds  u  rrrtniu 
definite  or  threshold  percentage,  tVea  is  an  instant***  tif"  a  HitlHtanco 
with  no  threshold.  A(*conling  to  AMHAUI>  (Pre^He  Mt'tiiralt*!  April  25, 
1918),  threshold  Hubstant*t»s  sire  nwssary  for  cell  lift*,  lie  tjiKiten 
C^iABANiKtt'tt  research  showing  that  nonthmshoM  Mthstaiirrs  lmvt» 
a  common  secrt^tory  constant  for  eiteh  iiutivitiua!  ami  that  they  all 
seem  to  bo  solvents  for  fats,  Tr.J 

Though  in  the  hUxul,  7a  per  cr*nt  of  nil  crystalloids  are  iiitirgiiiiit* 
molecules  according  to  J.  BrciAUH/*RV  and  K.  TAK<II»»  in  the  urine  thry 
comprise  only  from  47  to  III)  per  cent  utvortimg  to  J,  BruAi<*/,K  v,  I  torn 
and  STKYitKK.  In  thc»  blood  plamnu,  O.aS  per  rent  «r*«  XnM,  fl.Dfi 
per  cent  urea;  in  the  urine,  on  tlte  contrary,  the  nvenifce  amount  of 
NaOl  is  I  per  cent  in  the  presence  of  intirr  thii.it  2  )irr  rent  nf  un»n; 
in  the*  blood  there  is  from  0.08  to  0.12  per  mtt  gmjti.v^tigiirt  fnit  only 
traces  occur  In  the  urine.  AH  has  bet»n  suitl,  It.  is  entirely  |ni^itilt« 
that  even  during  filtration  certain  chanKt*"  occur,  stj  that  tht*  n*lativ 
proportion  of  crystalloids  even  in  the  ^Itiineruhir  liltnife  difern  fr-*m 
that  in  the  blood  plasma  though  the  tntist  hii|H)rtant  chaitKi*  irsttltH 
from  tlu»  n»al>Horption  of  wut«»r  in  the*  first  piirtinii  of  tin-  tulmt<«». 

That  concentrutiou  may  \w  brtiught  nlnmt  by  .wi-Hitm  lia»*  ulreitily 
bc(kn  shown  in  the  classical  example  of  ('.  'Lrinvn*  iut*ntici!iril  on 
pages  06.  Ho  much  wat<»r  may  be  withdrawn  frmti  a  ct«wvntrnti*tt 
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common  salt  solution  by  a  fish  bladder  that  salt  crystallizes  out. 
From  the  investigations  of  F.  HOFMEISTER  and  Wo.  OSTWALD  it  may 
be  concluded  that  the  swelling  of  gelatin-jellies  is  favored  by  some 
salts  in  accordance  with  their  lyotropic  action,  while  other  salts  dimin- 
ish the  swelling  (see  pp.  69  and  70);  in  other  words,  according  to  the 
nature  of  the  dissolved  salts,  more  or  less  water  may  be  removed  from 
a  solution  by  the  swelling  of  jellies.  The  extent  to  which  the  individ- 
ual ions  in  mixtures  of  electrolytes  may  be  more  or  less  concentrated 
in  the  solution  which  remains  after  the  swelling  has  received  as  yet  no 
satisfactory  experimental  study.  But  even  LUDWIG  sought  such  an 
interpretation  and  sought  by  its  aid  to  explain  the  proportionately 
greater  excretion  of  phosphates  than  of  chlorids  in  the  urine. 

LAGERGREEN  found  a  negative  adsorption  with  charcoal  and 
kaolin  in  solutions  of  chlorids  of  Na,  K,  NH4  and  Mg;  in  other 
words,  there  resulted  a  concentration  of  the  solution,  whereas  nitrates 
show  a  positive  adsorption;  in  the  case  of  sulphates  the  adsorption  was 
partly  positive  and  partly  negative.  F.  HOFMEISTER  in  the  case  of 
gelatin  found  that  the  absorption  of  water  and  of  dissolved  substance 
proceeded  independently  of  each  other,  that  the  absorption  of  water 
from  an  NaCl  solution  increased  until  the  concentration  reached  13 
to  14  per  cent,  and  that  when  the  concentration  was  higher  than  this, 
the  absorption  of  water  fell  again.  J.  M.  VAN  BEMMELEN  demon- 
strated that  potassium  sulphate  is  split  up  by  manganese  dioxid, 
because  K  is  adsorbed  while  SCX  remains  in  solution  (the  solution 
has  an  acid  reaction).  Subsequently,  similar  cleavages  were  demon- 
strated by  M.  MASIUS  and  L.  MICHAELIS.  It  is  thus  evident  that 
there  exists  the  possibility  of  a  varying  adsorption  of  salts  (and 
other  substances)  during  swelling;  so  that  an  acid  fluid  (urine  re- 
acts acid)  may  result  from  a  neutral  filtrate.  If  we  now  attempt  to 
apply  these  general  facts  to  the  special  instances  of  the  concentration 
of  the  glomerular  filtrate,  we  shall  see  that  the  most  important 
scientific  support  is  lacking.  Adsorption  experiments  with  renal 
substance  are  especially  necessary.  The  experiments  of  TORALD 
SOLLMANN  may  be  explained  on  the  basis  of  our  hypothesis.  He 
found  that  the  percentage  of  chlorids  in  the  urine  was  increased  by 
nitrates,  iodids  and  sulphocyanids,  and,  on  the  other  hand,  that  it  is 
decreased  by  acetates,  phosphates  and  sulphates. 

No  facts  contradict  the  colloid-chemical  conception  of  urine  ex- 
cretion, but  we  still  lack  the  special  experimental  data  that  should 
support  it.  If  we  recall  that  none  of  the  other  explanations  of 
diuresis  are  in  any  better  position  but  that  they  must  cling  to  vital- 
istic  assumptions,  we  are  compelled  to  accept  the  filtration  theory  as 
the  most  advantageous  until  a  better  one  shall  replace  it. 
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Pathology  of  Urine  Secretion. 

As  our  preceding  statements  show,  two  different  functions  of  the 
kidney  may  suffer:  the  filtration  of  the  glomeruli  and  the  concen- 
trating activity  of  the  tubules. 

Filtration  is  deficient  whenever  the  glomerular  filter  is  damaged; 
it  will  also  be  abnormal  if  there  is  nothing  to  be  filtered,  which 
happens  when  an  insufficient  quantity  of  arterial  blood  containing 
free  water  is  supplied  to  the  glomeruli. 

MARTIN  H.  FISCHER  *1  finds  the  chief  cause  of  nephritis  is  an  ab- 
normal increase  in  the  acidity  of  the  kidney  cells.  It  is  the  cause  of 
albuminuria.  According  to  him,  the  acid  dissolves  kidney  protein 
so  that  the  urine  contains  albumin;  it  dissolves  away  the  formed 
elements  (epithelial  cells),  which  are  then  washed  into  the  urine  as 
casts.  Depending  upon  the  (experimental)  conditions,  epithelial, 
granular  or  hyaline  casts  are  formed.  "The  first  change  to  the 
second,  and  these  to  the  third  variety  if  the  acid  concentration  is 
progressively  increased.  Hyaline  may  be  changed  back  to  granular 
casts  if  a  little  salt  is  added  to  the  acid  solution."  (M.  H.  FISCHER.) 
M.  H.  FISCHER  supports  this  theory  with  numerous  experiments. 

The  increase  in  acidity  may  result  from  a  deficient  supply  of  oxygen 
to  the  kidneys  which  may  be  due  to  a  number  of  different  causes. 
It  may  be  caused  by  deficient  cardiac  activity  of  any  kind,  hemor- 
rhages or  irritation  of  the  vasomotor  nerves,  as  well  as  compression 
of  the  renal  artery  by  a  tumor,  or  interference  with  the  flow  of  blood 
resulting  from  arteriosclerosis  or  embolism.  Congestion  of  the  renal 
vein  must  of  course  have  a  similar  effect.  [Lack  of  exercise  with 
insufficient  breathing  may  induce  acidosis.  Tr.] 

Disturbances  of  renal  function  may  result  directly  or  indirectly 
as  a  result  of  toxic  influences,  such  as  chemical  poisons  and  toxins 
from  infections.  In  such  case  the  oxidation  processes  of  the  renal 
cells  suffer  so  that  renal  edema  results,  and  this  causes  a  compression 
of  the  blood  vessels,  so  that  the  supply  of  arterial  blood  to  the  kidneys 
is  deficient;  a  vicious  circle  is  thus  established. 

M.  H.  FISCHER  also  explains  the  action  of  alcohol  and  anesthetics 
in  a  very  plausible  way.  Small  doses  increase  the  excretion  of 
urine  by  increasing  and  strengthening  the  heart's  action,  and  the 
respiratory  frequency  by  vasodilatation;  these  are  all  factors  which 
favor  the  supply  of  oxygen  to  the  blood,  and  'in  that  way  the 
formation  of  free  filterable  water.  Caffein  and  digitalis  act  in  a 
similar  way.  Large  doses  of  alcohol,  ether,  chloroform,  chloral,  mor- 
phine, etc.,  on  the  contrary,  bring  about  a  deficiency  of  oxygen, 
causing  a  binding  of  water  by  the  body  colloids  and  thus  a  diminu- 
tion of  the  secreted  urine  (see  E.  FREY). 
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As  the  result  of  those  colloid-chemical  views,  MAKTIN  IT.  FLSOHKH 
successfully  treated  oxi>orimental  unuria  (of  rabbits)  by  Introducing 
salts  which  oounte*rae*te*el  the  development  of  edema.  Upon  ligating 
the  renal  arteries  of  rabbits  diminished  secretion  of  urine  occurs,  and 
the  kidney  may  be  so  damaged  that  the  anuria  persists.  M.  H. 
PfBniKK  injected  solutions  of  sodium  phosphate,  sodium  sulphate, 
sodium  chlorid,  aft  IT  which  the  edema  receded  and  the  secretion  of 
urine  recommenced.  Ho  also  obtained  gratifying  results  clinically 
by  administering  hyportonie  solutions  of  sodium  carbonate  and  so- 
dium chlorid  which  is  a  treatment  quite  opposite  to  the  customary  one. 
His  purpose  is  to  hinder  the4  accumulation  of  acid  in  the  kidneys. 
The  prohibition  of  violent  exercise,  the  substitution  of  a  vegetarian 
diet-  rich  in  alkalis  for  a  meat  diet  and  the  drinking  of  alkaline  min- 
eral waters  is  the  customary  treatment  for  nephritics  and  is  explained 
by  KiHCHKit  on  the  basis  of  his  acid  theory  of  albumirmria.  Wo 
have  discussed  on  page  239  the  criticism  KIHCIIMU'H  theory  received. 
Kise'HKK  has  offered  a  now  working  hypothesis  who.se  experimental 
discussion  will  be*  very  productive,  no  matter  which  side  ultimately 
wins,  [A.  A.  KPSTKIN  has  recently  successfully  treated  edema  in  cer- 
tain types  erf  chronic  parenchyma  tons  nephritis  by  transfusion  and, 
adopting  the*  practice  erf  KKU,\ANI»  WIDAL  and  of  HKKMANN  STUAUSS, 
footling  large*  e|imnt  it  ies  of  protein,  120  240  gm.  per  day,  in  an  endeavor 
to  increase  the*  blood  proteins  which  ho  had  found  wore  diminishes!. 
The  increase*  in  the*  osmotic  pressure  of  the1  blood  eluo  to  the  added 
protein  restoreel  the*  normal  relations  botwe»e»n  tissues  and  blood. 
The*  fluid  which  exudes  in  rospeuiso  to  osmotic  pressure*  of  proteins 
should  be*  salt  and  water,  KPSTKIN  found  that  such  was  the  com- 
petition  erf  oele*ma  and  efTusie>n  fluids  in  ehremie1  parev.nehymatews 
nephritis.  Am,  Jour,  Moel.  Sc,,  No.  f>48,  N?ov.  11)17,  p.  GSK  ct  m/.| 

A  ftuict tonal  incapacity  erf  the  eonwntmtiny  activth/  of  the  upper 
urinifcmtw  tnhittcn  heroines  evident  whenever  the  glemtorular  fil- 
trnte  is  not  materially  nltereel,  and  the*  e'ompoHit.ion  of  the*  urines 
ai*proaclt«*H  that  erf  an  ultrnfiltrate  erf  the*  bloe>eL  AH  a  matte»r  erf  fae*t., 
this  limy  l»e  ub.Horvoil  in  many  canes,  [The*  itntidiuretio  action  of  the* 
extract  of  pituitary  pos(e*rie»r  I<»!K»  and  i^irn  inte»rme»<lia  extract  has 
not  yet  he*ru  ^ntisfnrteirily  oxpluinoel.  MeiTXi^KM)*  concludenl,  a,s  th«» 
result,  erf  oxprrinjents  on  rabbits,  that  it  is  due  to  a  stimulation  of 
the  renal  VH^omutor  syste*w.  Tr,| 

We*  saw  that  the*  fn»<*/Jng  point  d«*pre»ssion  erf  the*  blood  wan  re- 
markably constant  about  0.5(1°  but  that  for  the*  urine  it  varies  be- 
tween 0,07°  ami  3.5°. 

A.  vox  KouXxvi*  showi*el  that  the  u limits  erf  acce>!nmodationn 
of  renal  function  wen*  diminished  in  pfe»pe>rtion  to  the*  m*ve»rity  of  the 
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renal  disease,  and  that  the  molecular  concentration  of  the  urine  of 
nephritics  approaches  the  molecular  concentration  of  the  blood.  A 
table  from  the  paper  of  A.  VON  KORANYI,  KOVESI  and  RoTH-Scnui/rz* 
explains  this: 

FREEZING  POINT  DEPRESSION. 


Maximal. 

Minimal. 

Healthy                          

Deg. 
3.5 

Deg. 
0.08 

Chronic  interstitial  nephritis 

0.63-2 

0.12-0.38 

Chronic  p&renchymo/toiis  nephritis 

0  68-1.11 

0.36-0.47 

Subacute  parenchymatous  nephritis  .  .  . 

0.75-1.27 

0.53-0.83 

A.  GALLEOTTI*  obtained  from  dogs  suffering  from  phosphorus  and 
sublimate  nephritis,  a  urine  with  a  freezing  point  depression  practi- 
cally identical  with  that  of  the  blood;  PH.  BOTTAZZI  and  ONORATO* 
obtained  it  likewise  from  dogs  poisoned  with  sodium  fiuorid.  An 
experiment  by  these  authors  with  a  dog  suffering  from  cantharides 
nephritis  is,  however,  especially  instructive;  in  this  case  the  urinifer- 
ous  tubules  are  practically  unchanged  and,  accordingly,  their  activity 
in  concentrating  the  urine  is  practically  uninfluenced. 

If  a  healthy  person  drinks  water  freely,  there  results  a  markedly 
increased  flow  of  urine,  which  in  the  case  of  nephritics  does  not 
occur.  KOVESI  and  G.  ILLYES  examined  the  urine  obtained  through 
ureteral  catheters  from  persons  who  had  a  healthy  and  a  diseased 
kidney.  When  a  great  deal  of  water  had  been  drunk,  there  was  se- 
creted from  the  healthy  kidney  a  large  quantity  of  very  dilute  urine, 
while  from  the  diseased  kidney,  urine  of  average  concentration  was  ob- 
tained. Since  both  kidneys  received  the  same  blood,  the  blood  could 
not  have  been  responsible  for  the  more  dilute  filtrate,  but  the  subse- 
quent dilution  must  have  been  omitted  by  the  kidney  with  the  im- 
paired function.  In  a  diseased  kidney,  not  only  does  the  concentration 
of  the  urine  approach  that  of  the  blood,  but  even  the  amount  of  the 
individual  crystalloids  contained  becomes  similar  to  that  of  an 
ultrafiltrate  from  the  blood.  There  are  very  few  investigations  on 
this  subject  and  they  are  chiefly  limited  to  the  chlorids.  Some  data 
supplied  by  ALBABRAN  warrant  our  conclusion.  We  saw  on  page  335 
that  there  is  approximately  twelve  times  as  much  NaCl  as  urea  in 
the  blood,  whereas  in  the  urine  there  is  about  one-half  as  much  NaCl 
as  urea.  Whenever  the  kidney  parenchyma  is  much  diseased,  the 
urea  content  of  the  urine  falls,  and  there  is  a  rise  in  the  amount  of 
chlorids  in  proportion  to  the  amount  of  urea.  However,  the  abso- 
lute quantity  of  NaCl  in  the  urine  diminishes.  In  health  there  is 
approximately  double  the  amount  of  NaCl  in  the  urine  as  in  the 
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plasma;  the  NaCl  content  of  the  urine  of  nephritics  approaches  that 
of  the  plasma.  The  same  fact  seems  to  obtain  for  the  other  crystal- 
loids, including  water. 

Inasmuch  as  the  functionally  inadequate  kidney  continues  to 
ultra/liter  but  ceases  to  regulate  the  ultrafiltrate,  it  likewise  loses 
its  function  as  a  regulator  of  the  entire  organism;  it  is  no  longer  able 
to  maintain  the  "  milieu  int6rieur."  The  diminished  excretion  of 
crystalloids  by  insufficient  kidneys  causes  an  increase  in  the  crystal- 
loidal  content  of  the  blood  as  was  first  shown  by  A.  VON  KORANYI  by 
measuring  the  freezing  point  depression  (cryoscopy). 

The  Result  of  Deficient  Kidney  Function  Upon  the  Organism. 

If  in  animal  experiments  both  kidneys  are  removed,  an  hydremia 
develops  even  though  no  water  is  given,  or  if  the  water  removed 
by  respiration  and  through  the  skin  is  just  replaced.  If  a  ne- 
phritic is  given1  water  ad  libitum,  the  hydremia  does  not  increase 
at  all,  or  when  it  has  reached  a  given  grade  only  to  an  insignificant 
extent;  the  tissues  which  have  been  deprived  of  water  take  it  up 
again. 

There  thus  develops  between  blood  and  tissues  an  equilibrium  in 
which  more  water  enters  the  blood  than  normally.  This  is  not  sur- 
prising since  there  is  in  functionating  kidneys  a  dynamic  equilibrium 
inasmuch  as  there  is  a  current  of  water  from  the  tissues  into  the 
blood  and  from  the  blood  into  the  bladder.  When  the  kidneys  and 
water  maintenance  are  both  deficient,  a  static  equilibrium  occurs, 
which  (to  the  extent  that  we  may  speak  of  it  in  a  living  system) 
represents  the  true  water  equilibrium  between  blood  and  tissues. 
The  question  now  presents  itself :  is  this  equilibrium  conditioned  by 
osmotic  relations  or  by  the  condition  of  swelling  of  the  colloids  in  the 
blood  and  the  tissues? 

The  investigations  of  A.  VON  KORANYI,  P.  F.  RICHTER  and  W. 
ROTH,  H.  STRAUSS,  KOVESI  and  SURANYI  show  that  the  Cl  content  of 
the  blood  serum  of  nephrectomized  animals  and  nephritic  men  is 
not  materially  increased;  nor  has  the  electrolyte  content  increased, 
but  on  the  contrary  the  freezing  point  depression  of  nephrecto- 
mized rabbits  rises  from  0.56°  to  0.60°  (normal)  to  from  0.6*5°  to  0.75° 
(A.  VON  KORANYI).  In  spite  of  the  increased  concentration  of  the 
nonelectrolyte  crystalloids,  the  content  of  water  has  been  increased. 

Let  us  imagine  what  would  happen  if  matters  were  under  the 
sole  influence  of  osmotic  conditions.  Ever  since  PFLUGER'S  ob- 
servations, we  know  that  metabolic  processes  occur  in  cells.  Con- 
sequently, an  increased  osmotic  pressure  would  have  to  be  present 
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in  the  tissues  and  thin  would  at  Jir*t  n  jnit  HI  ;m  au|HiYrri*hment  of 
the  blood  in  water  and  a  pro|H»ru  mui  n»  r^i  *  m  mtth'eular  con- 
centration. (Iradually  to  tin*  extei**  ?h.*f  fh»  tMi-tahuhr  products 
enter  the  blood,  there  would  occur  a  watrr  rtftttlthrtttusi  Mt  that 
finally  the  molecular  concentration  uf  tin-  I4f«.«i  iiutiiii  i«*  increased, 
hut  tlu»re  would  hi*  /*<»  •fining*  ill  th»4  roiiti^nt  ut'  uatt-r,  It,  howrvrr, 
we*  do  find  an  inerenMt1  of  tht*  \vatrr,  it  lln.H  thi* 

oxmotic  rrltititwa  *tlff'r  Kl1  A'wji«rfi^  rj"|i!ii?inliifii  nf  tlii-^r  |»h«*!ioiut*uu, 
and  in  order  to  undrr^tnnil  tSinii  \vi«  nn*  to  iuvokt*  tlw* 

condition  of  mwlliny  in  Ilir  fiil  n,i||ifii|j% 

Tht 


Nonnally  the  tinin*  rontain*  tit*  *t'inin  ullotituu;  flu-  lim^  tint 
hy  any  m<*uns  mean  that  it  b  frer  trmii  r*»!i»ad  l,\»*n  th«  ta»%t  thiit 
urii«*  gives  ai  nu>ilrniti*ly  jn'riuaiM-nt  hmm  uhrn  it  t  h:tU«  n,  h*»tti 
that  itrontnins  colloid*.  Arronhuu  t»»  It  I  •»  *»\8  i  n*  filter  roliottU 
hiivi1  an  t*h*Hroni*gativ*»  t*hari(t4. 

Kxhauntivt*  invotinntiott"  uu  the  tutal  <)nuufitv  »*t  nt»ndialy/ahh* 
Hubst4UU*«»H  In  the  urini*  linu"  Sin  it  tindetiaKi'n  m  ?b-  !,.iitt»!atitr>  **f 

F.    HoKMKISTKU    (KtMff.lt    S\'»VKt,*     M,    Sv\\Ut,*    \\  .     I'  tUU.t'KK*). 

In  the  nonnal  urinr  tht"  4*  ^tih^taner*-*  nir, 

In  iiwii,  tl  H7  ;j  ;i,"iii  pit  iari4i4«   I    IS|,'fi»   |*>  i  *!H. 

Ill  wniiirii,  O.iJI  41  "0  ttiii  .  .      4**i44//-fi    llg«i    |t*f*ti\. 


Their  quantity  is  strongly  tiiliisnirr'ti  l»v  tin*  titri,  titrrt'ii.?«i*H 

after  tlie  ittgeHtion  of  nUmmitt;  it  IN  i^iMTmlly          i»n  n  nirat 

diet.    C)f          !!U]KtrtutiiM*  is  tht*  i»f  *r..\\t\K\t*  whti  lrit*<t  to 

di^tennittt*  from  tin*  vtsrmtfy  lin*  trf  r 

Sinew  thin         tlntn*  in  \vhieh  vt«ry 

ntant  (|umitith*s  tif  ttrtuary  I  in*   vim'osily  of 

oollouial  notations  in  wny,  tJn* 

cannot  he  utiltxtni. 

L.  Licirrwtw,  atul  F.  J.  IttmEKiiArit*  niituklf*  «*ou!d 

be  renuived  hy  thrt't*  i»i|iinlly  iin*liit^t«:  hy  !»y 

out  in  tin*  foam  ininle  with  hen^iitt*,  l»y  iilrohol  |»riTtpitiitiutt. 
The  urtttc*  «illoid«  exert  11  jirt$ti*t*iivr  artioit  UJHW  eoHuiilul  mild 
(gold  fiKun*  (Ulll  lit  <I,H1  m^.i;  mitt  in  thi**  ftirv  iirr  l»Hwrrii 

gum  arahic  atul  gum  Intgnriiiilti  itnhh*  of  It  X*!t*.M<»M»Yi.  <*hvi- 
ourfy  tht*y  an*  hydrnpiitli*  roliotds  mlitwr  nrfivtty  $*  nut  titiniiii^ipil 
!>y  I  toiling,  <*va{K>ratum  or  fri*i*Mtng,  Hy  ftn-wi  their  jir*»tre- 

tive  action  in  ruined  inastuuch  as  a  fittrr  t|i?*trihnti«*»  results,  just  us 
occuna  in  the  of  gelatin  (L.  L 
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Other  studies  sock  to  explain  the  nature  of  the  colloid  constituents. 
These  may  be  nuieiu  (MoiiNKU*'-),  ehoiulroitiu-sulphuric  acid  and 
nucleic  acid,  which,  according  to  the  studies  from  F.  HOFMEISTEU'S 
Institute,  do  not  pass  through  dialyzing  membranes.  Moreover, 
animal  gum  (LANDWKUK  and  BALSOH)  and  a  nitrogen-containing 
complex  carbohydrate;  (SALK.OWSKI)  probably  belong  to  the  urine 
colloids.  That  the  yellow  coloring  matter  of  the  urine,  urochrotne 
of  (}.  KLKMPKHKK,  is  not  a  colloid  has  been  shown  by  DKTKHMKYKU 
and  WAUNKU*  as  well  as  by  L.  LICJLITWITZ  and  ROSKNKACU.* 

The  fact  that  the  surface  tension,  of  normal  urine  is  about  10  per 
cent  lower  than  that  of  water  may  also  be  attributed  to  certain  col- 
loid constituents  (sew  W.  IX  DONNANT  and  P.  G.  DONNAN*  as  well  as 
J.  AMANN*). 

If  we  approach  the  question  Ideologically,  the  pwrpoac  of  the  col- 
loid** in  normal  urine  is  obviously  that  the  urine  be  excreted  clear. 
They  prevent  the  formation  of  sediments  within  the  body.  WOLF- 
GANU  PAULI  as  well  as  II.  BKCIUIOLD  and  J.  ZIKULKU  have  shown 
that  the  presence  of  albumin  decidedly  increases  the  solubility  of 
uric  acid;  and  J,  LICHTWITX  showed  that  the  same  property  was 
possessed  by  the  urine  colloids.1  lie  writes  of  a  case  (loc.  tit.,  p.  154) 
of  myelogenous  leukemia  in  a  woman: 

"It  (Uu*  urine)  wiw  clear,  strongly  acid,  free  from  albumin  and  alhutnoHCH. 
It  always  had  a  Bcdtment  of  well-developed  uric  acid  cryntals,  <»tc.  Th(^  urine  was 
clear  only  on  October  27;  the  undialyxed  urine  had  no  protective  action  until  the 
urine  of  October  27  was  examined,  then  the  gold  figure  was  about  0.4  c.c." 

Though  the  protective  action  of  the  colloids  has  been  demon- 
strated only  for  uric  acid,  in  my  opinion  it  is  pfobably  of  signifi- 
cance also  for  other  substances  which  tend  to  sediment. 

A  nnrmnl  amount  of  colloid  in  the  urine  is  essential;  if  it  is  de- 
ficient it  may  leiwl  to  the  formation  of  urinary  calculi)  as  has  been 
Hhown  by  II.  SCUADK  (see  p,  272). 

II.   Pathological  Urine. 

The  kidney  behaves  like  a  very  sensitive  membrane.  A  slight 
rise  in  blood  pressures  even  venous  congestion,  suffices  to  permit  the 
appearance  of  proteins  in  the  urine.  If  the  kidney  has  been  damaged 
HO  m  to  change  the  kidney  parenchyma,  we  are  not  surprised  to  find 
constituents  of  the  blood  mixed  to  a  greater  or  less  extent  with  the 
urim*. 

1  A«  early  iw  liK)2,  O.  KuKMi'KUtiu  called  attention  to  the  action  of  colloids 
Hurh  a«  HOHJW,  ^t*latin  and  ntarcli  paste  in  ititerf<*ri»g  with  the  precipitation  of 

uric*  wid  IX t,  KucMi»KHi:u,  Verh.  d,  KongrenneH  f,  inn.  Medixin,  Wicnhadcn,  1902). 
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Clinicians  have  paid  more  attention  to  the  serum  albumin  and 
globulin  than  to  !he  other  colloidal  constituents.  All  the  usual 
methods  of  detecting  them  depend  upon  the  fact  that  albumin  is 
made  irreversible  by  boiling  or  by  the  addition  of  a  substance  with 
which  it  combines  (sublimate,  picric  acid,  jHitassium  ferroeyunid, 
etc.),  and  by  a  second  process  (addition  of  nitric  acid  or  other  electro- 
lyte) it  is  flocked  out.  If  the*  urine  is  to  in*  examined  further,  es- 
pecially for  sugar,  every  trace  of  albumin  must  be  removed  first.  It 
is  frequently  impossible  to  remove  the  final  truces  of  albumin  by 
coagulation  and  floeeulation.  In  these  cases  nu  udsorptive  sub- 
stance must  be  employed;  the  urine  is  shaken  with  animal  charcoal  or 
diatomaceous  earth  or  a  precipitate  in  formed  in  the  urine  ijcitd  arot.atis 
is  added,  filtered  and  the  lead  removed  with  sodium  phosphate). 

The  other  nondialymble  constituents  nlso  show  quant  ita*  ivo 
changes,  especially  in  pathological  urine.  They  are  much  increased 
in  lobar  pneumonia  (422  to  4HH  gin,  per  day,)  and  to  uu  enormous 
extent  in  eclampsia  (as  high  *is  l«iH4  gw.  per  liter). 

The  determination  of  Uu*  xnrfttw  trnniun  of  tin*  uriiu*  which  points 
to  certain  constituents  may  in  the*  future  become  of  great  impor- 
tance for  diagnostic  purposes.  Though  the  surface  tension  of  normal 
urine  is  about  10  per  cent  loss  than  that  of  water  anil  in  nut  much 
changed  by  either  albumin  or  sugar,  the  salts  of  the  bill*  with  (sodium 
tauroeholate  and  sodium  glyeoeholate)  produce  a  very  definite 
lowering  (as  much  an  40  per  cent  below  that  of  wafer !,  \V.  I).  DON- 
NAM  and  K.  (.}.  DONNAN  *  found  that  the  degree  of  /V/ITWA-  run  purulirl 
with  chang(»s  in  the  surface  tension  of  the  urine, 

Fibrin,  nuclooalbtunins,  lilood  and  bliwwl  pigments,  us  wrll  us  nil 
tho  other  organisst^l  couKtitu<»nts  c'omiug  from  the  urgunism,  ur«*  the 
result  of  local  disease  of  the  kidneys  or  urinury  pussuxrs,  iiinl  ut  this 
point  tlu\y  cannot  be  discussed  ut  greater  l<»ngth,  Mor«*  thorough 
studies  of  albumosuriaaiul  peptomtria  f rom  u  folluitt-rlieiuirut  stuuti- 
point  an^  much  ncHK.lc*d. 

Cart*  occupy  an  entirely  dwtmet  plan*.  To  a  r<*rtmn  extnit, 
th<»H(»  art*  actually  wwts  of  thi*  urinifert>UH  tulmi«*s;  f!n\v  uri'  npirjU 
or  cylindrical  strnoturcw  wliich  ocrur  in  inflammution  <if  ttir  kiihit*ys 
(nephritis),  whom*  form  and  properties  arr  of  diuicnontir  iiitpt»rt!ii*i»i* 
(hyaline^,  fiu(»  and  coarsely  granular,  etc,  I,  Casts,  according  to 
M.  H.  PwcHKH,*1  arc*  <»pithelial  colls  of  tlir  kidney  ilissolvoil  away 
as  thti  r<\sult  of  tlu*  formation  of  arid.  By  changing  the  mttrctit ra- 
tion of  acid,  he  wan  able  to  change*  hyaline  casts  into  granular  casts 
and  the*  reverse. 

Urinary  calculi  have*  boon  exhaustively  studied  by  II.  SC*HAI>K* 
(see  p.  272). 
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He  finds  that  they  are  caused  by  the  clotting  of  fibrin  when  insol- 
uble or  difficultly  soluble  salts  are  simultaneously  excreted.  The 
lamellation  is  caused  by  the  repeated  precipitation  of  fibrin  with  the 
inclusion  of  crystalloid  sediments.  As  many  various  experiments 
showed,  fibrin  has  a  tendency  to  separate  on  surfaces,  so  that  under 
the  conditions  given,  layers  are  formed. 

Sweat  Glands. 

The  daily  excretion  of  sweat  varies  very  widely.  With  the  average 
intake  of  water,  average  atmospheric  temperature  and  at  rest,  it  is 
about  700  c.c.  in  24  hours,  in  a  man  weighing  70  kilos  (according  to 
A.  SCHWENCKENBECHER).  CRAMER  found  an  excretion  of  3  liters 
during  a  summer  march,  and  H.  STRAUSS  was  able  to  establish  a 
loss  of  1/2  to  1  liter  of  sweat  in  a  half  hour  under  the  influence  of 
diaphoretic  procedures. 

The  sweat  glands  are  more  dependent  on  the  influence  of  the 
nerves  than  are  any  other  glands,  yet  it  cannot  be  doubted  that  here, 
too,  ultrafiltration  of  the  blood  plasma  plays  an  important  part, 
since  the  sweat  glands  have  a  knotted  structure  similar  to  that  of  the 
glomeruli  of  the  kidneys.  In  support  of  this  we  have  the  following 
facts:  sweat  contains  only  the  solid  constituents  most  easily  per- 
meable, NaCl  and  urea,  whereas  the  difficultly  diffusible  salts, 
phosphates  and  sulphates  occur  only  in  traces.  The  fact  that 
nitrogenous  products  of  metabolism  also  occur,  agrees  with  my 
assumption  that  the  NH^  and  NHs  groups  facilitate  diffusion  (see 
page  411).  The  acid  reaction  is  probably  due  to  the  sebaceous 
glands;  when  the  secretion  is  artificially  increased,  the  sweat  be- 
comes alkaline  (corresponding  to  the  blood  plasma) . 

Milk. 

Of  all  foods,  milk  is  the  most  important;  on  this  account  it  has 
been  investigated  by  food  chemists  and  physicians.  Its  specific 
gravity,  fat  content,  dried  fat-free  residue,  and  even  the  casein  and 
albumin  content  and  the  quantity  of  milk,  sugar  and  salts  (ash) 
have  been  determined,  but  it  is  only  in  the  last  few  years  that  the 
important  part  played  by  the  condition  of  the  colloidal  constituents 
has  been  pointed  out. 

Milk  is  an  aqueous  solution  of  crystalloids  (salts  and  milk  sugar) 
which  contains  the  colloids,  casein  and  albumin,  and  also  an  emulsion 
of  fat. 

Though  the  colloid  constituents  and  the  fat  of  milk  vary  within  wide 
limits  according  to  food,  season,  age,  etc.  (from  5  to  8.585  per  cent),  the 
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water  and  the  crystalloid  content  is  practically  uniform.  G.  CORN- 
ALBA*  showed  this  by  extensive  investigations  upon  large  dairy 
herds.  The  widest  limits  for  the  content  of  dissolved  substances 
was  only  from  5.9  to  6.6  per  cent,  whereas  the  variations  were  usually 
from  6.05  to  6.25  per  cent.  From  this  we  must  conclude  that  milk 
is  the  product  of  at  least  two  processes.  One  is  the  result  of  an 
ultrafiltration  of  the  blood  which  yields  an  ultrafiltrate  of  uniform 
water  and  crystalloid  content.  The  colloids  and  fat  are  mixed  with 
this  solution  by  a  second  process. 

The  fat  globules  of  the  milk  (milk  globules)  have  a  diameter  of 
from  0.1  to  22  p  averaging  about  3  /*,  yet  it  is  possible  mechanically 
so  to  break  them  up,  that  they  are  no  longer  visible  microscopically; 
according  to  WIEGNER  their  average  diameter  is  0.27  /*.  Such  so- 
called  homogenized  milk  is  recommended  as  being  very  easily  digested 
and  it  has  the  advantage  that  the  cream  cannot  be  removed  either 
by  gravity  or  by  centrifuging. 

It  is  known  by  dairymen  that  milk  may  separate  spontaneously 
to  a  certain  extent;  on  standing,  the  cream  rises  to  the  top.  The 
result  is  produced  more  rapidly  and  completely  by  centrifugation; 
though  a  complete  separation  is  not  obtained  even  in  this  way,  we 
have  an  opaque  milk  which  contains  the  finest  globules.  Nor  can  a 
separation  be  obtained  by  filtering  through  the  least  porous  Cham- 
berland  filter.  All  the  fat  globules  can  be  held  back  by  an  ultra- 
filter  which  still  permits  the,  complete  passage  of  albumin. 

If  we  wish  to  make  butter  from  cream,  in  other  words  to  make  the 
milk  globules  unite,  the  cream  must  be  churned,  since  between  the 
individual  globules  aqueous  and  water-soluble  constituents  of  the 
milk  occur  as  partitions,  and  these  partitioning  walls  must  be  broken 
down.  It  is  a  remarkable  fact  that  milk  globules  do  not  dissolve  in 
ether  if  milk  is  shaken  with  it.1  If  milk  fat  were  an  ordinary  emulsion 
such  as  oil  in  water,  the  fat  would  be  completely  removed  by  shaking 
it  with  ether.  From  this  we  conclude  that  the  fat  globules  in  the 
milk  are  surrounded  by  a  pellicle  impermeable  for  ether.  If  potas- 
sium hydrate  or  acetic  acid  are  added,  this  interference  is  removed; 
moreover,  the  fat  may  be  removed  from  the  dried  milk  globules  by 
treatment  with  ether,  and  the  pellicles  will  be  left  behind.  It  is 
absolutely  impossible  to  extract  the  fat  completely  from  homog- 
enized milk  by  shaking  with  ether. 

There  is  quite  an  extensive  but  at  present  practically  useless 
bibliography  (see  VOELTZ  *)  on  the  pellicles  of  fat  globules.  Especially 
erroneous  were  the  experiments  directed  to  splitting  off  the  pellicles 

1  The  fat  of  human  milk,  with  its  much  larger  quantity  of  albumin,  is  readily 
shaken  out  with  ether. 
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chemically,  since*  the  equilibrium  of  the  milk  was  thus  changed. 
The  experimental  arrangements  by  which  VOKLTZ,  at  least  qualita- 
tively, established  the  existence  of  serum  pellicles,  arc  the  most 
fortunate.  No  value  is  to  In*  attributed  in  my  opinion  to  the  quan- 
titative results,  since  the  composition  of  the  pellicles  must  change 
while  (hey  pass  through  the  layer  of  water.  VOIOLTZ  layered  a 
column  of  milk  about  10  cm.  high  under  a  column  of  water  50  em. 
high.  The  milk  globules  mounted  through  the  water  and  were  thus 
freed  of  all  water-soluble  ingredients.  The  cream  thus  formed  was 
then  taken  up,  freed  from  fat  and  the  residue  determined.  The 
eoinjx)sition  proved  very  variable  and  qualitatively  contained  tho 
ash  and  organized  constituents  of  the  milk  as  far  as  that  could  be 
deduced  from  the  mere  determination  of  ash,  organic  substance, 
Mg,  ('a  and  P. 

By  emulsifying  butter  fat.  in  skimmed  milk,  VOKLTX  produced 
artificial  pellieles  and  compared  them  with  the  natural  ones. 

In  the  light  of  our  knowledge  of  the  spreading  out  of  colloidally 
dissolved  substances  on  surfaces,  it  ought  not  to  be  very  difficult  to 
explain  the*  phenomenon  of  the  pellicles  of  milk  fat  (incorrectly  called 
serum  pellicles).  According  to  (5.  QUINCKK,  a  substance  spreads  out 
at  the  interface  between  two  fluids  (or  a  gas  and  a  fluid)  if  by  this 
means  the  surface  tension  of  the  surface  possessed  in  common  is 
diminished.  Oil  spreads  out,  for  instance,  at  the.  interface  between 
water  and  air,  We  know  from  W.  KAMSOKNT*  and  MWTOALK*  (see  p. 
,14!  that  albumin  and  peptone  separate  out  at  the  interface  between 
water  and  nir  as  a  W/V.  (!.  QriNCKM*-  showed  that  a  film  of  gum 
solution  surrounded  each  globule  in  the  phannaeopeal  emulsions. 
1L  BwwtoM)  **  bases  his  explanation  of  protective,  colloids  which 
prevent  the  floeeulaticm  of  organic  colloids  and  suspensions  on  this 
phenomenon. 

Simple  ronsideratioti  shown  that  a  fat  globule  in  an  albumin 
solution  must  surround  itself  with  a  layer  of  albumin.  Since  the 
Htirfure  tension  nt  the  boundary  surface  of  albumin  or  serum  and  fat; 
(0,4  to  l.tt)  is  smaller  than  that  of  water  and  fat  (1.0  to  2.4)  the 
albumin  of  milk  must,  collect  on  the  surface  of  the  fat  globules, 
An  experiment  of  AsruKitsos*  shows  the*  correctness  of  this  a  priori 
assumption.  AsrHKttsoN  emulsified  olive*  oil  in  an  alkaline  solution 
of  I*KK  allmm'm  and  observed  that  the*  oil  droplets  were  surrounded 
by  nu  albuminous  membrane.  The  strength  and  composition  of 
the  pellieles  of  the  milk  globules  vary,  of  courses  not  only  with  tho 
rolloidiil,  hut  also  with  the  crystalloid  constituents,  especially  the* 
wilK  In  pacing  through  the  aqueous  layer  (in  Vowi/r//  experi- 
ment) flu*  iM'llirli's  an*  again  changed,  and  from  the  investigation 
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above  mentioned  (RAMSDEN  and  METCALF),  we  need  not 

that  most  authors  (including  VOELTZ)  are  convinced  that  the 

cles  surrounding  the  milk  globules  are  solid  membranes.     There 

certainly  not  the  slightest  indication  that  this  is  actually  the 

while  the  globules  remain  in  the  milk.     In  addition,  it  mus"fc 

granted  that  the  composition  of  the  pellicles  vary  with  the 

the  milk  globules.    VOELTZ  believes  that  the  pellicles  of 

fat  globules  are  individually  distinct  as  a  result  of  their  origlrx 

the  mammary  gland).     But  his  own  data  convince  me  that 

individual  difference  results  from  purely  physical  causes, 

the    extraordinary   variations   in    composition    according   as 

mounted  quickly  or  slowly  and  according  to  the  size 

pellicle  examined. 

G.  WIEGNER  developed  an  idea  which  appeared  in  the  first  edi"fci*">1* 
of  this  book.  He  compared  the  various  physical  properties  of  ore  II— 
nary  and  homogenized  milk  and  found  that  with  increasing  sub- 
division of  the  fat  globules  (a  fat  globule  is  subdivided  1200  tim<*** 
during  homogenization)  there  is  an  increasing  internal  friction  while  H 
is  explained  by  the  increased  adsorption  of  casein  by  the  expanded 
surface  of  the  fat  globules.  G.  WIEGNER  reckoned,  that,  on  the  tortsln 
of  HATSCHEK'S  formula  (see  p.  16),  the  thickness  of  the  adsorp-tloit 
skins  were  6  to  7  /^,  so  that  in  normal  milk  2  per  cent  and  in 
enized,  25  per  cent  of  the  entire  casein  was  adsorbed  by  the  fat. 

Casein  of  milk  is  itself  insoluble  in  water;  it  is  a  fairly  strong 
which  reddens  litmus  and  displaces  C02  from  its  salts.  For  irx— 
stance,  casein  may  be  dissolved  with  the  liberation  of  C02  if  it;  in 
shaken  with  a  suspension  of  calcium  carbonate  in  water.  la  "fclic* 
milk  the  casein  is  kept  in  solution  by  lime  salts,  and  it  is  an  old  £tncl 
still  incompletely  solved  problem,  what  sort  of  solution  exists.  If 
milk  is  filtered  through  clay  filters  or  shaken  with  pulverized  clay 
filters  the  casein  is  separated  out  (HERMANN  and  FR.  DUPIU§  *)„ 
According  to  some  authors  only  26  to  40  per  cent  of  the  lime 
in  the  whey  after  this  treatment.  If  milk  is  filtered  through 
ultrafilter  (BECHHOLD  *4)  without  being  stirred,  the  casein  separa,"fc€*a 
out  upon  the  filter,  undissolved.  In  the  case  of  the  powdered  clay 
filter  there  is  obviously  an  adsorption  and  flocculation  of  the  casein 
by  means  of  which  part  of  the  casein-calcium  combination  is  split. 
up  just  as  the  salts  of  basic  dyes  are  split  by  textile  fibers  or  wood 
charcoal. 

P.  RONA  and  L.  MICHAELIS*  have  investigated  the  influence  of 
actually  dissolved  and  of  colloidally  dissolved  lime  by  means  of  *bhc^ 
"osmotic  compensation  method''  (see  pp.  107  and  108).  They 
dialyzed  whole  milk  against  iron-milk  (milk  from  which  the  proteins 
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were  removed  i>y  means  of  colloidal  irou  oxid),  against  whey  (the 
casein  was  removed  by  rennin)  and  against  distilled  water.  Whole 
milk  contained  approximately  about  0.15  per  cent  Ca();  irori- 
milk  alxnit  0.12  per  cent  OaO;  and  whey  only  from  0.04  to  0.06  per 
cent  OaO.  The  amount  of  diffusible  lime  Is  accordingly  only  about 
0.06  to  0.07  per  cent  OaO  and  consists  thus  of  about  40  to  50  per 
cent  of  the  entire  lime  contained. 

It  i«  remarkable  that  the  iron-milk  contains  more  lime  than  is 
really  diffusible,  so  that  when  casein  is  flocked  out  by  colloidal  iron 
oxid,  calcium  goes  into  true*  solution.  But.  the  iron-whey  contains 
much  less  phosphoric  acid  than  the  milk  so  that  it  must  have  been 
precipitate!  by  the  iron  oxid.  From  this  it  is  evident  that  no 
considerable  quantity  of  calcium  phosphate  is  in  colloidal  solution 
or  the  lime  would  l>e  retained  with  the  phosphoric  acid  by  colloidal 
irou  oxid.  Evidently  the  lime  exists  to  a  considerable  extent  in 
solution  as  a  slightly  dissociated  casein  salt.  In  favor  of  this  view 
are  the  other  projx^rties  of  milk,  which  are  manifested  when  the  equi- 
librium is  shifted  (depression  of  freezing  point.,  conductivity). 

Albumin.  The  milk  of  various  animals  varies  much  in  the  pro- 
ix>rtionate  amounts  of  the*  chief  constituents;  especially  contrasted 
is  the  relation  between  casein  and  albumin,  as  the  following  data 
show: 


Cow  

(  'llMOttl. 

I'tsr  ctMit. 

M  02 

Albumin. 

I*«r  c*«iit. 
0.53 

Hiinititt  

UK! 

1.20 

(.  lout  ,  ,  ,  ,  .  , 

:i  20 

1.00 

Sh(u*p  .................... 

4,1)7 

I  r>r> 

A  MM    .  ,     .  ,  .  .  ,  

0,07 

1.55 

The  significance1  of  these  differences  UJKJU  the  structure*  of  the, 
different  organisms  cannot,  be  determined  at  present,  though  ac- 
cording to  the*  investigations  of  J.  ALKXANDKK  and  J.  (}.  M.  BUL- 
U>WA,*  the*  diywtibttitu  is  influenced  by  this  ratio.  These  investi- 
gators are  of  the  opinion  that  the  reversible  albumin  serves  as  a 
protective  colloid  for  the  irreversible  casein.  They  base  this  on  the 
fact  that,  woman's  milk,  which  is  rich  in  albumin,  is  difficult  to 
coagulate  by  acids  or  rennet,  and  that  the  name  condition  obtains 
for  cow's  milk  if  it  is  protected  by  gelatin,  gum  arable,  albumin  or 
the  like. 

In  the  dark  field,  too,  human  milk  shows  a  finer  division  than 
cows'  milk,  us  wu.s  shown  by  the  investigations  of  J.  LKMANISHIKH,* 
A,  KEKIDL  and  NKUMANN,*  as  well  as  (I.  WIKUNKR.*  Two  distinct 
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elements  in  cows'  milk  (casein  and  fat)  may  be  definitely  recognized 
in  the  dark  field  though  only  the  fat  globules  can  be  recognized  in 
human  milk.  The  submicrons  are  larger  in  asses'  and  cows'  milk  but 
largest  in  ewes'  milk.  In  boiled  milk  the  submicrons  are  larger  and 
disappear  more  slowly  under  treatment  with  solvents  (potash,  gastric 
juice)  than  in  unboiled  milk,  which  is  an  indication  that  unboiled  milk 
4s  more  easily  digestible  than  boiled  milk. 

Human  and  cows'  milk  may  be  distinguished  by  their  ascent  or  rise 
in  strips  of  filter  paper  and  their  diffusion  on  blotting  paper.  For 
instance,  according  to  A.  KREIDL  and  LENK  *  in  150  minutes  cows' 
milk  ascends  only  2.5  cm.,  while  human  milk  ascends  10.8  cm. 
According  to  LENK*  this  is  chiefly  due  to  the  viscosity  which  in 
turn  depends  on  the  amount  of  albumin  and  casein  contained.  If 
a  drop  or  two  of  cows'  milk  is  placed  on  blotting  paper,  three  zones 
(fat,  casein  and  solution  of  crystalloids)  are  observed,  whereas  human 
milk  exhibits  but  two  (fat  and  other  ingredients). 

I  refer  to  page  173  et  seq.  for  the  methods  of  examining  milk  and 
dairy  products. 

It  is  necessary  for  completeness  to  mention  the  formation  of  skin 
on  boiled  milk.  The  phenomenon  is  obviously  analogous  to  the 
formation  of  solid  skins  on  dyes  and  peptone  solution  (see  p.  33 
et  seq.). 

Referring  to  the  changed  condition  of  the  surface,  it  might  well 
be  worth  finding  out  whether  the  unavoidable  shaking  during 
prolonged  transportation  damages  milk.  We  learn  from  clinical 
experience  that  raw  milk  is  more  easily  digested  than  boiled  milk. 
[From  the  fact  that  boiled  milk  forms  smaller  curds,  it  offers  a  larger 
surface  and  on  this  account  may  be  more  readily  passed  through  the 
pylorus.  It  may  even  remove  acid  from  the  stomach  by  adsorption. 
Tr.]  This  has  been  attributed  to  the  presence  of  enzymes,  which 
are  destroyed  on  heating,  though  no  one  has  ever  been  able  to  give 
any  proof  of  the  action  of  these  enzymes.  The  most  recent  results 
of  research  indicate  that  considerable  changes  in  condition  are  as- 
sociated with  boiling. 

O.  GROSSER1  found  by  ultrafiltration  that  the  lime  was  attached 
more  firmly  to  the  milk  colloids  in  boiled  milk  than  in  unboiled 
milk.  The  ultrafiltrates  of  boiled  milk  contained  less  lime  than  those 
of  unboiled  milk.  The  nitrogen  and  phosphorus  content  were 
diminished  in  human  milk,  by  boiling,  but  in  cows'  milk  it  remains 
approximately  the  same.  For  instance,  GROSSER  found  the  follow- 
ing quantities  of  CaO  in  ultrafiltrates: 

1  According  to  a  private  communication  (as  yet  unpublished). 
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Ultra  fill  rate  of 
raw  milk. 

Milk  boiled  5  minutes. 

Woman's  milk  

Per  cent  Cut) 
0.017 

Per  cent  Cat) 
0  (K)7 

Cow's  milk  ,  .  ,  

0,041 

0  034 

The  length  of  time  the  milk  was  boiled,  influenced  the  results.  The 
ultratiltrate  of  uwu tin's  milk  after  5  minutes'  boiling  still  contained 
about  one-third,  after  la  minutes  one-tenth,  of  the  original  amount  of 
CuO.  After  boiling  IW  minutes  there  were  only  traces  of  GaO. 

That  there  Is  hardly  any  difference  between  the  freezing  point 
depression  of  raw  and  of  boiled  milk  is,  therefore,,  very  remarkable. 

[MrCokLi'M  lias  shown  by  his  feeding  experiments  on  rats  that 
dried  milk  contains  both  of  the  essential  food  accessories,  fat  soluble 
A  and  water  soluble  B.  TrJ 


CHAPTER  XXI. 

THE  NERVES. 

THE  nervous  system  began  to  be  investigated  colloid-chemically 
when  the  problem  of  brain  swelling  and  edema  of  the  brain  was 
formulated  through  FISCHER'S  theory  of  edema  (see  p.  223).  Various 
attempts  were  made  to  determine  whether  the  swelling  induced  by 
acids  and  in  the  presence  of  salts  was  analogous  to  the  swelling  of 
fibrin.  From  the  start  it  was  not  very  probable  that  nervous  tissue, 
was  like  the  latter,  an  individual  protein  substance.  Though  the 
nerve  cell  consists  mainly  of  protein  material,  the  neurolemma  which 
serves  as  insulation  for  nerve  conduction  is  largely  formed  from 
lipoids  which  behave  quite  differently  towards  acids  and  salts. 

MARTIN  H.  FISCHER  and  M.  0.  HOOKER  conducted  experiments 
upon  the  swelling  of  brain  and  cord  in  acids  and  salt  solutions  and 
discovered  that  their  behavior  quite  paralleled  the  behavior  of  fibrin.1 

For  reliable  data  it  is  important  to  employ  absolutely  fresh  nervous 
tissue  from  normal  animals;  results  of  no  comparative  value  were 
obtained  from  diseased  rabbits  or  animals  which  had  been  chased 
about  before  they  were  killed.  FISCHER  justly  criticizes  the  experi- 
ments of  J.  BATTER  and  of  J.  BAUER  and  AMES  who  used  material  6 
to  24  hours  post  mortem;  the  post  mortem  accumulation  of  acids 
rendered  these  experiments  useless  for  the  purpose  of  comparison. 

The  experimental  attempts  of  BARBIERI  and  CARBONE  to  produce 
swelling  by  injection  of  acids  into  living  animals  we  must  regard  as 
naive.  The  authors  evidently  overlook  the  fact  that  the  acids  are  dis- 
tributed in  the  organisms  and  that  various  organs  compete  for  the  avail- 
able water;  we  may  expect  swelling  only  from  local  accumulation  of 
acid.  On  this  account  the  interesting  experiments  of  KLOSE  and  VOGT 
deserve  elaboration  in  the  direction  of  colloid  research.  The  authors 
found  in  thymectomized  dogs  an  acid  preponderance  localized  among 
other  places  in  the  nervous  system  (gray  matter) ;  the  brain  of  a  thy- 
mectomized dog  completely  filled  the  skull,  the  ganglion  cells  were 
swollen.  R.  E.  LIESEGANG  justly  cautions  anthropologists  against 
attributing  too  great  significance  to  the  weight  of  brains  (PETTEN- 

1  This  parallelism  must  not  be  applied  too  generally;  there  are  important 
differences  in  behavior  with  the  salts  of  the  heavy  metals  as  hitherto  unpublished 
experiments  of  H.  BECHHOLD  show. 
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PEK'S  brain  weighed  1320  gm.  —  HBLMHOLTZ'S,  1900  gm.);  for 
KickiusHH,  age,  etc.,  may  produce  considerable  changes  iu  a  brain's 
capacity  to  hold  water,  so  that  the  brains  of  men  offer  no  basis  for 
jK>8t  mortem  comparison. 

MAHI'DA  supplied  the  following  figures: 

Int  Man  2nd  Man 

\\Vijnht  of  hrniu , , 1/291  gin.  1,133  gm. 

Dried  mitMtimcM* 17(1,80      "  2(K),30      " 

I  gui.  (»f  dritnl  suhsttincc  con tains  water.  . .  .       0,14      "  3,55      " 

With  the  name  aqueous  content  as  Brain  II,  Brain  I  would  have 
weight** I  7117  gnu  With  the  name*  aqueous  content  as  Brain  I,  Brain 
11  would  have  weighed  1K5S  gin.  There  are  increasing  indications 
that  colloid  investigation  is  destined  to  carry  nearer  to  solution  the 
old  problem  of  nerve  irritability. 

Nerve  Irritability  and  Swelling. 

In  considering  muscle  function  we  have  seen  that  it  is  associated 
with  a  certain  condition  of  swelling  (see  p.  294).  The  like  is  also 
true  of  nerves.  The  nerves  lone  their  irritability  when,  placed  in  iso- 
touic  solution*  of  cane  sugar  or  other  nonconductors  and  recover  it 
again  when  they  an*  placed  in  physiological  Halt  solution  (MATHKWS,* 
K.  t  )VKKTON  **).  Various  other  neutral  salt  solutions  also  injuriously 
uiTcct  the  irritability  of  nerves  in  accordance  with  a  lyotropic  series. 
The  arrangement  given  by  various  authors  (MATHKWS,  P.  VON 
( tUt'TZNKU)  is  not  as  unequivocal  as  for  muscle.  Wo  must  remember 
that  the  methods  of  investigation  wen*  not  the  same  as  for  muscle, 
and  that  the  prtiet  ration  of  the  salt,  solution  to  the  axis  cylinder 
through  the  lifxnd  insulating  layer  was  not  as  uniform.  R.  Homou  *:!rt 
(p.  307)  wunmarUes  the  depressant  action  of  ions  on  nerve  irrita- 
bility in  tlu*  following  series: 

Na  <  Li  <  CM  <  NII4  <  Kb  <  K 
K<)4<  Cl  <  Br  <  I 

Tl»e  union  Heries  in  the  rcnrerse  of  that  for  muscle  irritability. 
We  know  that  in  the  precipitation,  of  acid  albumin,  the  lyotropic 
Maries  in  the  opposite  of  that  for  alkali  albumin;  we  know  further  that 
contracting  muscle  husan  acid  reaction;  on  this  account  we  may  with 
norm*  probability  infer  that  nerve  albumin  is  more  or  less  alkaline 
(negative). 

HottttU  Httcveeded  in  rendering  visible  the  changes  which  reveal 
irritability  or  the  absence  of  irritability  of  nerves.  Tin*  seiuties  of 
ffi*g?4  xtiH  <*<mnect<*d  to  tlieir  gastrocn(*mii  were  placed  in  isotonio 
unit  Holntion  until  th«»v  lost,  their  c'liaracteristit!  irritability  to  the 
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Faradic  current.  Teased  preparations  of  the  nerves  were  then  suit- 
ably stained.  The  difference  in  the  turgescence  of  the  axis  cylinder 
was  not  only  indicated  by  the  different  intensity  of  the  stain,  but  also 
by  the  fact  that  according  to  the  salts  employed,  the  axis  cylinder 
remained  as  thin  threads  or  were  swollen  to  broad  bands,  and  that  the 
order  in  which  the  swelling  was  affected  agreed  with  the  lyotropic 
series  characteristic  of  the  loss  of  irritability.  [W.  BURRIDGE,  Zoc.  cit., 
has  adopted  MACDONALD'S  view  that  "  in  the  excited  nerve  the  pro- 
tein aggregates  are  agglutinated  to  form  aggregates  of  greater  indi- 
vidual size;  this  change  is  due  to  the  reception  of  a  negative  electric 
charge.  As  a  result  of  this  (K)  salts  are  liberated  which  charge  the 
next  segment  of  nerve  negatively,  and  so  excite  it  and  leave  the  origi- 
nal segment  a  positive  charge.  This  positive  charge  determines  the 
return  of  the  colloid  of  the  original  segment  towards  their  former 
state  of  aggregation/7  BURRIDGE  considers  that  it  is  calcium  plus 
the  negative  charge  which  determines  the  coagulative  change,  and 
sodium  plus  the  positive  charge  which  brings  the  colloids  back  to  the 
original  state.  Inhibition,  according  to  this  view,  "is  essentially  a 
decalcifying  process."  See  also  page  361.  R.  LILLIE,  Science  N.  S., 
VcL  XI -VIII,  No.  1229,  has  offered  an  electromotor  working  model 
of  nerve  conduction  in  the  transmission  of  the  active  state  along  a 
"  passivated  "  iron  wire.  Tr.] 

Cerebrospinal  Fluid. 

Our  most  sensitive  instrument,  the  brain  and  spinal  cord,  is  pro- 
tected by  a  solid  casing,  the  skull  and  spinal  column.  These  latter 
do  not  fit  the  nerve  organ  closely,  but  have  a  certain  amount  of  dead 
space  which  is  filled  with  the  cerebrospinal  fluid.  We  may  add  that 
both  the  bony  case  and  the  central  marrow  are  covered  with  mem- 
branes which  are  connected  by  a  delicate  mesh  work.  This  network 
is  filled  with  fluid  in  which,  to  a  certain  extent,  the  brain  and  cord 
float.  It  is  a  clear,  colorless,  aqueous  fluid  amounting  to  from  60 
to  200  cc.  in  adults.  Besides  a  very  few  formed  elements  it  con- 
tains 1/2  per  cent  of  albumen. 

Several  cc.  may  be  withdrawn,  by  lumbar  puncture,  from  patients, 
without  injury  —  a  procedure  introduced  by  QUINCKE.  This  pro- 
cedure has  yielded  valuable  physiological  and  pathological  data  of 
scientific  and  diagnostic  importance.  The  fluid  circulates  constantly 
and  slowly.  Under  pathological  conditions  the  fluid  maybe  quickly 
formed  so  that  at  times  several  liters  may  be  lost  through  a  fistula  in 
a  day. 

There  are  two  opposing  theories  of  cerebrospinal  fluid  formation. 
The  one  assuming  a  secretion  has  most  supporters,  whereas  MESTRE- 
ZAT,  who  asserts  an  "elective  filtration/'  has  fewer  followers.  MES- 
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THK/AT'K  "  diffusion  governed  by  osmosis  "  expressed  in  our  terminol- 
ogy is  nothing  other  than  ultmfiltration. 

<5ou>MANx's  experimental  data,  subsequently  to  be  mentioned, 
support  this  view,  that  the  choroid  plexus,  the  exceedingly  vascular 
membrane  in  the  ventricles  of  the  brain,  serves  as  an  ultrafilter. 
(.1.  MH. 'LKXIHKX  has  recently  offered  additional  experimental  support 
for  thin  view.  Tr.| 

Under  ^pathological  eonditions  the  albumen  content  of  the  cercbro- 
spinal  fiuiil  suffers  very  striking  changes  in  which  the  globulin  seems 
particularly  affected.  On  account  of  the  minute  amount  of  albumen 
(0.5  per  cent)  the  usual  tests  for  albumen  have  been  refined  though 
none  have  acquired  the  significance  which  has  been  won  by  "the 
colloidal  gold  test ?l  of  LA.WJK.  It  rests  on  a  modified  clinical  deter- 
mination of  the  "gold  number"  (see  p.  85),  in  other  words  upon 
u  measurement  of  the  protective  action  on  the  gold  hydrosol  by 
ccrchrospinal  fluid.  Normal  cerebrospinal  fluid  diluted  with  4  per 
cent  saline  has  no  effect  in  any  dilution  upon  the  red  color  of  the 
gnhl  sol.  If  precipitation  occurs  at  any  dilution  it  indicates  a  path- 
ological change.  By  HUH  reaction,  luctic  affections  of  the  central 
nervous  system  are  detected  when  the  WASSERMANN  reaction  is  still 
negative  and  there  are  as  yet  no  subjective  changes.  The  reaction 
also  weighs  in  favor  of  diagnosing  luetic  disease  (tabes,  paresis, 
eerehrospinal  syphilis),  when  other  diseases  of  the  brain  and  cord  are 
in  question.  Meningitis,  tumors,  apoplexies  are  distinguished  from 
hies  l»y  a  shi/tiny  of  the  precipitation  ;sonc.  [Recently  mastic  solu- 
tion* have  been  employed  for  the  name  purpose.  Tr.] 

Observations  of  Kwrn  and  RUNMHTZ  indicate  that  under  certain 
pathological  eonditions  (cirrhosis  of  the,  liver)  the  surface  tension  of 
the  cerebrospinal  fluid  varies  from  the  normal. 

The  Integument. 

Though  other  portions  of  the  organism  have  greater  or  less  capac- 
ity to  swell,  this  property  is  very  much  limited  in  the  skin,  epidermis, 
hair,  feathers,  scales,  etc.  It  in  also  evident  that  this  limitation  is 
essential  for  maintaining  shape  and  for  retaining  water  within  the 
body.  If  the  epidermis  had  unlimited  swelling  capacity  like  gelatin, 
tlir*  fluids  inside  the  organism  would  suffice  to  stretch  the  skin  and  to 
enlarge  it  until  nil  alutpo  was  lost,  and  finally  the  interior  parts  desic- 
cated. (Vwversely,  every  natural  atmospheric  dampness  and  every 
rainstorm  still  moro  would  cause  an  almost  unlimited  addition  of 
water  front  the  outside*;  a  steady  stream  of  water  would  flow  through 
the  skin  and  the  organs,  and  would  be  poured  out  through  the  kidneys. 
If  these  <>pjM»smg  forces  could  still  establish  an  equilibrium  it  would 
vary  so  murh  in  a*  eordancc  with  meteorological  conditions  that  it  is 
hwt!  to  believe  that  the  body  would  have  any  definite  shape. 
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When  we  think  of  aquatic  animals  tin*  idea  of  an  integument 
which  can  swell  leads  only  to  caricature. 

Tills  does  not  mean  that  hair,  IVatlters,  etc.,  cannot  taki*  up  any 
water.  We*  all  know  that  wool  and  tVatlurs  al»sor!»  ivatrr  from  the  air 
and  that  In  very  moist  air  they  feel  damp;  in  making  hydrometers, 
human  hair,  which  expands  with  a  certain  degrer  uf  moisture  and 
contracts  with  dryness,  is  used. 

The  skin  may  l*e  preserved  thousand^  of  yrar-»  nu  account  of  its 
slight  swelling  capacity.  lit  fact,  we  find  the  framework  uf*  plants, 
cellulose  and  wood,  in  graves  of  nniiitiil^  or  men  tit  addition  to 
bonoH,  and  usually  hair,  hide  and  leattirr  articles. 

The  eva]H»ratiou  of  water  from  tht*  skin  oeeur^  not  only  m  the 
rcHiilt  of  the  secretory  activity  of  tin-  .sweat  gland**,  l*ut  there  is  also 
an  "ins(»ns5hlt»  jx*rspiration, '*  AH  I*,  ({.  rNx.v**  !III,;H  ^lunvii  in  con- 
vincing experiments,  this  may  l»r  i-ifhrr  inhihitrd  liy  fats  ur  on  the 
other  hand  increased  l»y  enlaruiitu  tin-  .Ninjfar«\  IM  uith  j-aiwders,  cunt- 
ing  with  gelatin,  collodion,  etc.  **«•!•  ft,  11*1), 

AH  in  the  ntse  of  at  her  erll  mt^tuhratti-s.  tlir  Maturation  of  the  nkin 
with  lipoids,  esjH'cially  with  lantilin,  i^  of  tin*  greatest  itn|>ortanee. 
W.  FiLKiiNK  ant  I  J.  UiimuvmM  *  inve^tigati-d  the  al»***rpttrm  rapacity 
of  clean  kerutinstrucrturrH  (win*!  liU'rs,  ffiithi-r  flui'**  ami  htitimn  fiuir) 
an  well  an  such  as  were  sat  united  with  Ii|HiitU.  A*  t«»  !*r  e\|nTti*dy 
nottihle  in  fut  fpht*nu!v  rliliintf*irint  HIV)  wt-iv  rn,hily  iii*» 
,  whereiiH  wnti»r  and  |H*net rated  l»ut  MiKlitty.  HUM  rurres- 
I>onds  with  the  animu!  «*xiH*riment->*  of  H,  Ovi';i«r**\  **n  mnphihia  and 

Of  A.  Sc:ffWKNKKN!!Kt*!!Ktt  *  i»H  dove**  niul  Illirr,      Till'  utllliiHt  <*oinpi<*t<* 

impcnHralnlity  uf  the  Iip4iid-H?t!iinifi.'fi  fur  tnof  tin*  grmtrfil 
importanec*  to  the  organUm  in  timiiiiuinttiK  it^  I'tirtrotyU*  rt 

[Inltmalfkcrvtiimx."  \V. 
with  calcium  HolutionH  of  nifyiitg  Mrritgth,  l«t*i  nJlrrrtl  njt  r\pianattou 
of  Homo  of  the  tultvitti*i«  «f  >»i«vt*ral  hiiniititu^.  Pituitary  HulistHtiri* 
apparently  huwtww  the  rt^(N»iti«i*  tif  tin*  tilrrti^  miti  tin*  heart  to  ml- 
ciuin.  Adrtntidiii  imn  it  twn-fuld  uHivtty  on  tin*  hmrt,  n  prtiiuiry 
deprcmsing  or  Hiirfnw*  nHitm  »tn!  n  M*n»htlary  nr  tirrfi  auginntting 
action.  During  the  (rrtcKl  uf  cxnltiMt  funliiiir  activity  Uu-  in 

more  nwpoiwivi*  to  rnlciutn  flmii  pr«*vtuttM|y.  llii*  fm'toi*  involved 
aro  the  eonceittnilitin  of  uiin*nin,  flu*  ruiiivntnitinii  of  nitciiuu  in  thr 
pcrfuHing  «>luti<m,  nnd  tti«*  wtntiMif  thr  Iw^irt  uiiiumi  n^jnTtivrly  by 
adrenin  and  hy  nilriiim,  KxHtattnti  i.»*  vii*wi*ct  a*  n  rontftilattvi; 
change  produrtHl  l>y  rnloium  in  n^rfiitit  eutlnid^, 

The  effect  of  thyroid  mTHbit  i*  ^iiiiilnr  to  tlmt  of  alnihul,  catiHiug 
the  eimtktion  to  IM«  miiintutniul  on  what  ntltrnviM*  w<»u}i|  !«•  an 
nuulcquate  calcium  teiwitin  in  tlw  j«*!fii'*iiig  Ntltitiuii.  Tr.j 
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PART   IV. 

CJIIAPTKU  XXII. 

TOXICOLOGY  AND  PHARMACOLOGY. 

IN  the  following  chapter  we  shall  chiefly  consider  the  action,  of 
foreign  chemical  substances  and  organisms.  If  only  monera  (bac- 
teria, protozoa  and  yeasts)  were  involved,  the  matter  would  be  rela- 
tively simple;  we  might  regard  them  as  Huspeusionn  and  approach 
their  investigation  with  exact  physie<>-chemieal  methods.  It  may  be 
Keen  from  the  chapter  on  "Disinfection  and  Agglutination"  that 
these  viewpoints  have  been  successfully  employed. 

Home*  of  the  substances  which  are  injurious  to  monera  (bacteria, 
protozoa,  etc.)  \ve  call  tlixinfvHuntx,  and  some  pre.xmMtiwx.  One  of 
the  ways  by  which  they  are  tested  in  to  add  the  solution  under  exami- 
nation to  a  suspension  of  bacteria  in  water  or  bouillon  and  observing 
in  what  concentration  growth  is  inhibited.  It  is  obvious  that  this 
action  is  dependent  upon  the*  concentration  and  distribution  of  the 
(liHtnfectant  M-ween  Iwrteria  ami  solvent.  Similar  experiments  may 
IN*  performed  on  higher  aquatic  animals. 

The  problem  IwK'omes  much  more*  complex  in  the  cane  of  multi- 
cellulftr  organisms,  fsixwiiilly  the  higher  terrestrial  animals,  where 
the  action  may  In*  affected  by  the*  portal  of  entry.  Water,  HO  essential 
to  life*,  Incomes  a  {xiison  when  injected  intravenously. 

1  )cpi*!i(lmK  on  their  point  of  entrance,  substances  must  pass  through 
mi'mhnuti's,  filters  or  places  with  digestive,  ferments  (stomach,  intes- 
tiuos,  i»t«O.  Thin  may  either  determine  the  action  and  the  course 
taken  by  the  pokm  or  drug,  or  it  may  even  entirely  block  its  en- 
trance. %  Sinn*  Hiniill  inti'KtiiMW  and  colon  send  thcnr  blood  through 
tht*  jwrtal  vein  to  the  liver,  HulwtauwH  which  an^  taktni.  !>y  mouth  may 
have  IK*  c»ffiH!t  in  spite  of  Inking  w(Jl  abnorbtHt  if  tlu»y  an*  strongly 
adHortH'd  by  tho  livt*rl  w  hapi>enK  in  the  c.asc^  of  potassium  salts, 
ruran%  et<\*  Only  such  substance*  an^  absorbed  through  the  skin 
iM4  an*  soluble  in  its  fats. 

The  iM-tioii  of  iltphtheria  antitoxin  \vh<»n  injectcnl  intravenously  in 
500  tilings  rttmiwT  than  when  it  IK  injod^l  subeutaneously  (W. 
BKttuiiAtfH).  [Thw  hits  INK™  sliown  by  PAKK.  to  l>e  duo  to  its  slow 

utjHorption  from  the  tissue's.     Tr.j 
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In  common  parlawe  /WA-IWN  are  surh  Hulwtamvtf  a,s  art*  harmful  to 
warm-blooded  animals  if  they  tin*  tjikrit  l»y  mouth  or  ar«*  inspired  rvt*tt 
in  minute  quantities,  With  ftnv  exceptions  "j  HUMOUS,"  jtopularly 
so-called,  nrr  acid*,  alkalis,  various  metallic  |>otsoft*.  t'Oaiid  *imilar 
substances,  nerve  JKHSOUS  which  even  isi  minimal  quantities  tuny 
depress  essential  functions,  f-.g,,  Hfryr}iniiit%  ntroptut*,  i»tr. 

Thr  urinal  jmisoiuniH  rtlVrt,  tlir  tit*ath  i»C  flit*  ur&ini*iu»  ^  *>u!y  tin* 
elomng  act  trf  a  r<.*iii|ilii*i4f«i  tlrniitu  whirh  IM  rn.iit*tt*tt  lH*furt*  mir  ry§»s, 
Tlu*  iutnwiurtory  >UH*IU»S  mr«*  fur  u*  uu  ittt)M»rtnni  j<iiirr  tht«y 

U*aiih  UH  wlwit  ph(*noitu*ua  may  !t*atl  In  a  tfrnutiatiun,     Thr 

dnunu  may  *nul  happily  if  tin*  fimtvittratitm  «f  flu*  in  kt*pt 

Hufficiontly  low  t>r  wtttabU*  lint iiliili^  »rr  i*tttpluyi*ti, 
of  view  it  in  itn|K*iHihli*  to  l*iixiri»lfity  «m 

Next  in  iitjporl-iiiir«*  t«  th««  t*t>nrntt ration,  tht*  nm«l  iiii|Htrtaut 
influence  UJHHI  tuxiiu>logteal  or  art  ton  is  tin*  fli*,«- 

tnbuti&n.    Tht*  fuaciauteutiU  rttrittiriil  Ulea  ttf  iti^fri- 

hution  wju*  tranxfernnl  by  I*ATI*  Ktiuijftt  to  flu*  |>rof*t*H*i«*>t  in 
multiceliular  orKaniHisvH.  Mitiiituii  ((UnutttteH  of  alkaloid**  ha\v  mieh 
inleiwt*  artiiin  bTiiti?K%  in  roiiforiuity  with  vii*\v,  they  an*  eon- 
(umtratiMJi  In  tldiititi*  uf  tti*rvri4t  In  llir  trt<ntmt*iit  of  itt 

dUetiMt^H,  it  in  tn  fiiwl  wtitrii          U*  &* 

utetl  lH»tw«»t»n  thi»  infrrtrtl  tin*  iiifrrfimi 

thai  the  jni^ilili*  t|uatitity  b-rtiiiir^  attartmi  to  ffn*  itsirrti- 

orgiiniHtnH  and  tin*  b  nttarhmt  to  tin*  man,  ti«fttrt4k« 

animal  or  plant,     It  fc  n*iuiily  wn  tlir  ili^!r!l»iifinii  timy  f«% 

eitluT  u  chemical  eotnbtfmtioti,  a  ttUtrtbtition  lH»twn*n  twt>  milvrittK 
or  11  vuriet.y  of  luborptum.  In  but  finv  liin*  it  tci 

detenninc  the  kind  of  diHtributiutt  mit>pt««(l,  If,  FtcKt-st>u«'ii  has  i'iil- 
culaUHt  from  the  uf  W.  HyuAt^ii  *  mi  ft*l**»rptiou  t*i|iii- 

tihrtum  ohtaitw  for  the  diHtributtmt  «f  bt*iwi*f*ii  tin*  futirt- 

muHc^le  of  ii  miirint*  iiml  thr          rotttaiitistK 

it.    In  the  H{x*cial  w^tum  wt»  «th«»r 

To  cauHe  tliutmgis  the  up  iti^i  flu* 

HfTcHitcni  organ  of  the  imtitierllular  iiml  n*rtmti  roii- 

dittonn  it  may  I.M*  iininiitiYiiil  whether  tin*  if*  revtwible  or 

irn^vemiblo.    A  |M.ik.)ii  whtrh  n*mterH  the  fimr- 

tioiUeHH  for  only  a  few  minuti*  m,  for  tiiHtitiiri*,  rurtun*,  ilnith 

in  wann-bkxx!<«d  timmitK  though  the  nl^^riifttiii  in  iwrrxtble. 
(Jold-bioodtHl  aninuUrt,  fur  iiiHtnitee  the  fr*>«,  itmy,  on  tin*  ctmtrttry, 
live  for  days  or  even  rerover  miiee  they  iin*  utili*  to  limit  he  thrtmicli 
the  Hlcin.  We  munt  tlmt  the  t«  life 

have  proti«ction  mnny.  toxin** 

Thk  Eoay  bo  a  phymcul  pmUtction,  In  n  imrtmlty 
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about  the  cell  or  cell  group,  or  a  chemical  defense  in  the  sense  of  P. 
KtutLK'U,  who  believes  that  in  these  eases  there  is  no  "receptor"  for 
the  poison.  Probably  both  methods  are  involved. 

Although  "distribution"  is  a  very  difficult  and  as  yet  scarcely 
investigated  Held,  in  the  study  of  the  organic  changes  due  to  drugs  we 
are  met  largely  by  unsurmounted  difficulties,  since,  in  many  cases  no 
external  or  even  historical  change  may  be  recognized.  It  Ls  our 
ho|H»  that  colloid  research  may  also  prove,  of  great  value  here,  since 
it  is  not  only  profound  changes  in  chemical  constitution  which  in- 
terfere with  the  function  of  an  organ,  but  harm  may  be  done  even 
by  changes  in  turgeseence,  flocculation,  reversible,  precipitation  and 
in  fact  even  changes  in  the*  sixe  of  the  particles.  [This  is  the  bawls  of 
the  explanation  of  changes  of  muscular  activity  in  response  to  drugs, 
offered  by  W ,  BnwuxiK,  to  which  reference  has  been  made.  Tr.j 
More  particularly  than  heretofore,  we  must  observe  the  course  of  an 
injury;  we  shall  have  to  observe  whether  a  permanent  local  change 
WTurs  an  in  the  toxic  action  of  most  metals,  or  whether  the  process 
is  reversible  an  in  the  case*  of  the  narcotics,  or  whether  after  a  severe 
effect  occurs,  a  moderately  prolonged  after-effect  takes  place  in  the 
organs  involved,  suggesting  an  adsorption. 

Valuable  suggestions  for  such  a  viewpoint  are  offered  by  the 
classical  observations  of  P&UL  KHHLKW  on,  the  "'Oxygen  require- 
ments of  the  body"  and  by  his  study  of  the  histology  of  the  blood 
(P.  <J.  rN*NA*:l),  and  W.  HTUAUH'S*  researches  on  the  distribution  of 
various  alkaloids  (veratrine,  strychnine »  eurarino)  between,  heart 
muscle  (of  a  sea  snail)  and  the  surrounding  solution.  (W.  Bmmmoia 
has  shown  that  digitalis  and  strychnine  increase  the  utilization  of 
calcium  by  the  heart.  The  action  of  Htryelmine  on  nerves  is  explained 
by  a  relative  calcification  of  the  synapse,  facilitating  the  passage  of 
the  nerve  impulse  (see  p.  354).  Tr.| 

CoSperttion  of  Indifferent  Substances. 

On  paigcs  5.5  am!  334,  wo  saw  tliat  the  presence  of  many  substances 
might,  either  increase  or  diminish  the  permeability  of  membranes; 
from  thin  fact  we  arc*  justified  in  concluding  that  the  addition  of 
an  eHHentmliy  indifferent  substance  may  increase  or  diminish  the 
toxic  or  phannaeologie  action  of  a  substance  by  aiding  or  impeding 
it*4  arrival  at  the  sjxit  when*  it  is  active*.  We  may  in  general  assume 
from  this  that  such  other  substance:  is  also  stored  in  the  name  organ. 

We  may  exemplify  this  by  several  observations  (see  ( }.  STOPFKL*), 
which  must  he  viewed  from  this  standix>int.  VON  SCIIUODKH  found 
that  the*  diuretic  action  of  caffein  was  increased,  by  chloral  hydrates 
and  yet  that  thw  effect  did  not-  depend  on  the  ability  of  the  chloral 
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to  paralyze  the  vessels  (i.e.,  increased  blood  supply  to  the  kidneys). 
According  to  CERVELLO  and  Lo  MONACO,  chloroform  checks  caffeine 
diuresis  when  simultaneously  administered,  but  it  has  no  influence  if  the 
chloroform  effect  precedes  the  caffein.  According  to  THOMPSON  and 
WALTI,  atropine  checks  renal  secretion  and  at  the  same  time  decreases 
the  amount  of  urea.  According  to  H.  LOWE  the  amount  of  urine  se- 
creted was  not  increased  by  the  injection  of  pilocarpine,  the  sugar  re- 
mained unchanged,  the  uric  acid  was  somewhat  increased,  phosphoric 
acid  was  diminished  greatly  and  the  total  nitrogen  to  some  extent. 

It  must  be  emphasized  that  we  are  here  dealing  with  pure  secretory 
activity.  The  action  of  CO2  on  glycosuria  may  possibly  be  attrib- 
uted, according  to  STOFFEL,*  to  changes  in  permeability,  whereas 
phloridzin  diuresis  is  much  more  probably  accounted  for  by  a  hin- 
drance to  the  reabsorption  of  the  sugar  formed  in  the  kidneys. 

Since  our  colloid-chemical  knowledge  in  the  realm  of  pharmacology 
and  toxicology  is  extremely  restricted,  we  are  limited  to  the  few 
short  chapters  which  follow.  It  must  be  especially  emphasized  that 
the  most  important  territory,  the  specific  nerve  actions l  (see  note 
on  p.  352)  is  colloid-chemically  still  almost  completely  terra  incognita. 

Toxicology  and  pharmacology  study  the  action  of  chemical  and 
physical  influences  upon  organisms,  i.e.,  colloid  structures.  Aside  from 
general  considerations,  the  action  of  suspensions  and  colloids  upon  the 
body  deserves  our  special  attention.  In  the  following  pages,  these 
questions  though  apparently  separated  are  to  a  certain  extent  sys- 
tematically handled,  yet  this  is  upon  superficial  and  not  upon  essen- 
tially scientific  grounds. 

Colloids. 

Pharmacy  and  therapeutics  ever  since  the  classic  age  have  made  con- 
siderable use  of  colloids  and  suspensions,  that  is  of  the  general  colloidal 
properties  of  substances  which  have  absolutely  no  specific  chemical 
action.  I  do  not  refer  to  the  containers  for  medicines,  such  as  gelatin 
capsules  or  wafers,  but  to  the  strongly  adsorptive  properties  of 
colloids  and  suspensions  which  guarantee  a  rapid  action  by  reason 
of  their  enormous  development  of  surface.  Colloids  may  serve  to 
correct  the  action  of  substances  such  as  morphine,  chloral,  aloes,  etc., 

1  We  cannot  always  assume  that  it  is  a  nervous  effect  when,  among  its  other 
actions,  the  substance  involved  acts  upon  the  nerves.  For  instance,  strong 
coffee  aids  digestion.  An  investigation  of  Handovsky,*2  based  upon  observations 
of  A.  Pick,  makes  it  probable  that  the  cause  may  be  found  in  a  specific  property 
of  caffeine,  which  raises  the  internal  friction,  i.e.,  the  ionization  of  albumin.  But 
we  know  from  page  156  that  the  disintegration  of  albumin  starts  with  the  forma- 
tion of  albumin  ions,  and  we  can  consequently  understand  why  caffeine  and  theo- 
bromine,  which  is  related  to  it,  favor  the  digestion  of  albumin  by  pepsin. 
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or  diminish  their  irritation  of  the  stomach  or  intestines.  Upon  this 
net  ion  rests  the  utility  of  mucilages  (decoctions  of  salep,  marsh- 
nmllow  and  gum  arabie),  of  talcum,  etc.,  in  diarrheas  as  well  as  the 
addition  of  gelatin  and  vegetable  mucilages  to  acid  foods  and  fruit 
juices.  In  eases  of  poisoning  with  acids,  alkalis  or  caustic  salts, 
we  are  accustomed  to  employ  as  our  most  important  antidotes,  milk, 
egg  albumen,  gruel  (oatmeal  gruel,  quince  mucilage  or  gum  arabic) 
or  emulsions  of  fat  and  of  oil,  C  last-He  hyperseeretion  also  is  favor- 
ably influenced  by  such  substances  (mucilage  of  gums,  starches, 
bismuth  suhnitrato,  talcum,  etc.).  TAPPKINKU  demonstrated  the 
protective  action  of  such  substances  by  the  following  experiment: 
A  "reflex  frog"  which  is  suspended  with  the  hind  legs  in  an  acid 
solution  withdraws  the  legs  after  a  few  seconds.  If  a  solution  with 
the  identical  amount  of  acid  also  contains  gelatin,  gum  arabic,  starch 
paste  or  tin*  like,  there  will  be  no  reflex  movements.  The  action 
tif  adsorbents  in  protecting  against  ot -her  poisons  has  long  been  known. 

In  IXIJO,  the  apothecary  THOUKUY,  experimenting  on  himself,  took 
without  harm  I  gm.  of  strychnine  (ten  times  the  fatal  dose)  with 
l.r»  gms.  of  charcoal,  The  use  of  charcoal  as  an  antidote  against 
poisoning  though  neglected  in  practice  has  been  mentioned  in  several 
textbooks.  Only //v.x/////  precipitated  iron  hydroxid  (ferric  hydroxid 
in  water,  tintitMum  nrwnici)  is  in  general  use  as  an  antidote  for 
arsenic  poisoning,  thanks  to  the  authority  of  BUNHKN.  From  the 
earliest  times  greater  usefulness  has  been  accorded  to  the  hydrophilo 
colloids  as  gruel  (against  aloes,  eantharides,  eolehieum,  croton  oil), 
milk  or  white  of  eggs  against  mercury  weed,  glue  solution  against  alum. 

Scientifically  exact  .study  of  the  adsorptive  action  of  suspensions 
on  poisons  wan  undertaken  only  in  recent  years.  VV.  MKCHOWHKI, 
At*i«KU,  K.  Xrx/.  and  L.  LICUTWITX  have  (Contributed  valuable  re- 
Honrehos  on  the  adsorption  of  poisons  (phenol,  strychnine  and  various 
poisons,  araehnolysin)  by  animal  charcoal  which  proved  to  be  in  some 
ways  equivalent  to  kaolin  (bolus  alba),  silicic  acid,  chalk,  diatoma- 
eoous  earth  and  bismuth  subnitrate.  In  practical!  toxicology  the 
results  did  not  meet  expectations.  Consequently,  as  a  matter  of 
eouw,  colloidal  carl  nut  wan  touted.  HAIWATANI  actually  inhibited 
tin*  toxic*  notion  of  Htryehnino  intravenously  by  injecting  simulta- 
noounly  0  timos  the  quantity  of  colloidal  carbon. 

Adsorption  Therapy. 

The  happy  results  from  adsorption  of  acids  and  poisons  by  char- 
eon  1,  clay,  etc.,  led  to  their  use  oven  when  the  acids  and  poisons 
arose  in  the  body  itself.  ** Adsorption  therapy,"  so-called  by  LICUT- 
WITX,  was  accordingly  introduced  as  a  therapeutic  procedure.  It 
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can,  indeed,  look  back  upon  an  honorable  and  ancient  past.  Dios- 
CORIDES  recommended  kaolin  (bolus  alba)  as  a  dressing  for  erysipelas, 
poisonings  and  many  other  conditions.  Throughout  antiquity  and 
the  middle  ages  adsorption  therapy  retained  its  reputation  until 
modern  chemistry,  which  could  not  explain  its  action,  delivered  its 
quietus  and  looked  derisively  on  some  nature-therapeutists  who  em- 
ployed it  (Claypastor,  Father  Kneipp).  STUMPF  deserves  credit  for 
having  retested  the  clinical  advantages  from  the  use  of  kaolin,  which 
as  a  therapeutic  measure  had  been  forgotten,, 

The  scientific  clinical  application  of  adsorption  is  the  product  of 
the  past  year.  During  the  war  with  its  severe  enteric  infections 
(cholera,  dysentery,  typhoid)  it  has  triumphed  unexpectedly. 

In  addition  to  kaolin  and  silicic  acid  (prepared  by  the  Gesell- 
schaft  fur  Electroosmose)  charcoal  has  been  employed  most.  Char- 
coal has  yielded  good  results  in  stomach  conditions  (hyperchorhydria 
and  fermentation),  and  also  in  obesity  cures  it  has  been  employed  by 
LICHTWITZ  who  removes  by  it  the  important  ingredients  of  the 
chyme  (acids  and  enzymes,  see  p.  329),  and  fills  the  stomach  so  as  to 
satisfy  the  distressing  pangs  of  hunger.  Gastric  hypersecretion  is 
also  treated  by  gum  arabic,  starches,  bismuth  subnitrate  and  talcum. 

In  the  serious  infectious  intestinal  diseases,  cholera,  dysentery  and 
typhoid,  as  well  as  in  the  gastrointestinal  diseases  of  infants,  kaolin 
and  charcoal  act  not  only  by  adsorption  of  toxins  produced  by  the  in- 
fectious agents  but  also  by  the  adsorption  of  the  bacteria  themselves. 

Finally  we  must  mention  the  original  use  of  kaolin  and  charcoal, 
in  purulent  and  dissection  wounds  as  well  as  in  catarrhs  (vagina  and 
nose)  and  in  exuberant  carcinomata.  The  action  is  the  same  here  as 
in  the  intestinal  infections.  Naturally,  only  sterile  preparations  are 
employed  in  modern  surgery. 

A  further  advance  has  been  to  impregnate  charcoal  with  drugs  which 
are  then  gradually  yielded.  A  good  effect  was  obtained  in  typhoid  with 
iodine  and  thymol.  A  preparation  of  charcoal  impregnated  with  sul- 
phur (eucarbon)  is  used  as  a  mild  laxative  which  at  the  same  time  re- 
lieves flatulence  by  adsorption  of  bacteria  and  putrefactive  material. 

Dermatologists  employ  powders  extensively  for  a  cooling  effect. 
Obviously  the  powders  absorb  the  water  which  emerges  from  the 
skin  and  as  a  result  of  their  surface  development  accelerate  evap- 
oration; to  a  certain  extent  they  amplify  the  skin  surface.  Good 
results  may  be  obtained  on  burns  and  inflammatory  edemas  with 
thick  layers  of  kaolin.  A  cooling  (febrifuge)  effect  may  be  obtained 
according  to  P.  G.  UNNA  **•  by  painting  the  entire  body  with  a  thin 
layer  of  gelatin  or  collodion;  this  effect  is  explained  by  the  mag- 
nification of  the  body  surface  (see  p.  355). 
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The  iw/rmv'wws  introduclum  of  colloids  has  achieved  great  im- 

fmrtanee  through  therapeutic  use  of  colloidal  mentals  (see  below). 
Oilier  apparently  quite  indifferent  .suspension  colloids  have  a  very 
jxnverful  action  when  introduced  into  the  blood  vessels.  One  or  two 
eein.  of  a  kaolin  suspension  injected  intravenously  into  a  guinea-pig 
induce  u  violent  reaction  with  more  or  less  rapidly  fatal  termination. 
FiURDUKKtiKU  ami  ISVNKOKA  demonstrated  that  this  could  not  bo 
attributed  to  emboli  but  that  the  toxic  action  depends  on  the  adsorp- 
tion of  vitally  important  constituents  of  cells  (analogous  to  the 
destruction  of  blood  corpuscles  and  bacteria  in  vitro,  see  p.  200). 
"Siting**  the  feet  against  chilblains  and  severe  freezing  is  an  ancient 
household  remedy  which  received  renewed  attention  in  the.  winter 
campaign  of  1914  1915.  At  present,  there  is  no  satisfactory  explana- 
tion of  its  action,  [BAYUSS  has  recommended  intravenous  adminis- 
tration of  gum  arable  solutions  in  shock  to  increase  the,  blood  pressure 
after  hemorrhage.  DKLAI'NAY  refwrts  favorably  on  its  use.  Tr.j 

The  peculiar  effect  of  gelatin  on  the*  coagulation  of  blood  is  still 
unexplained.  In  severe  hemorrhages,  purpura  hacmorrhagica  and 
hemophilia,  gelatin  is  given  internally  (15  to  20  gm.  daily)  as  well  as 
Hubrutaneously.  Whether  a  colloid  reaction  occurs,  or  whether  the 
clotting  of  fibrin  in  favored  by  the  calcium  contained  in  the  gelatin  is 
still  an  o|x»n  question. 

Colloidal  Metals.1 

If  we  except  the  use  of  finely  emulsified  mercury  hi  the  form  of 
him*  ointment,  the  introduction  of  colloidal  silver  by  (Utwutfj*  in  1890 
WAB  thi*  ttn*t  instance  of  the  employment  of  a  colloidal  metal  because 
of  Us  colloidal  tuiture.  It  was  quite  natural  then  to  test  other  col- 
loidal mctnln,  mercury,  gold,  platinum,  etc.  The  French  have  been 
«*s|H»euilly  industrious  in  the  study  of  the  biological  action  of  colloidal 
metals  (bibliography  given  by  HTODKI**),  but  the  comprehensive  in- 
vestigation* of  the  Itul'tann,  M,  AHCK>M  and  ('}.  IZAH*  as  well  as  E, 
FiiiLii»i»i  *  and  Plum,*  anti(*i|>ate(l  them  in  showing  that  in  all  prob- 
ability the*  action  of  inorganic  hydrosols  in  their  main  features  was 
the  same  m  that  of  the  corrcfl|K>ndmg  salts  or  of  complex  metal 
gait**  Suits  with  the  cat  ionH  concerned  have  in  suitable,  usually 
very  wtut.ll,  dosage,  an  effect  sitnilar  to  the*  action  of  thck  hydrosols. 
This  conclusion  WIIH  detnonstrated  by  the  c»xi>erim<fcnt.s  of  P.  Poimo* 
aa  well  an  (>,  <}KOH  and  J.  M.  C)'(IONNC»E,*  but  it  was  first  placed  on  a 


1  A  unt*ful  rtSuam^  t»f  the*  iiiHhtMk  of  preparation  and  of  t.h«»  proj)ortic*rt  of  ool- 
lottlal  tnHab*  »»ay  Hi*  fotintl  in  TH.  SvKnHKuti,  Die  MH,hod«»n  y,,  llcwit^lUmK 
KtiUuitliir  Ix'wmnwn  anorjcanwrhi-r  Stoffc  (Th.  SUunkopff,  I)r<»H<lon,  1910).  Tlw 
oltiiT  tuHhcnlK  an*  contained  in  the  lit  tie  work  <»f  A.  I^OWKUMOSKU,  AnorganiHchc 

(Fwil.  Knkn  Htitttgurt,  IfHH). 
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scientific  foundation  by  TH.  PAUL.  He  demonstrated  that  colloidal 
preparations  of  silver  split  off  silver  ions  in  aqueous  solution  and  in 
such  quantity  that  the  blood  is  saturated  with  silver  ions  because  it 
can  take  up  very  few  of  them  by  reason  of  the  NaCl  it  contains.  In 
these  investigations  the  interesting  fact  was  disclosed  that  the  various 
colloidal  silver  preparation  behaved  differently  when  diluted  in  aqueous 
solution.  The  Ag  ion  concentration  diminished  when  protargol  is  di- 
luted, it  remains  constant  with  sophol  and  increases  with  lysargin  and 
collargol.  This  explains  the  difference  in  their  therapeutic  application. 
The  remarkable  fact  that  the  concentration  of  Ag  ions  increases  with 
dilution  is  paralleled  in  complex  substances  as  well  as  in  mixtures  of 
the  weaker  acids  and  their  salts  (increase  of  H  ion  concentration). 
According  to  0.  Goos  the  action  of  silver  nitrate  and  silver  iodid  is 
to  be  attributed  to  the  silver  ions  and  complex  compounds.  ' 

Heretofore  colloidal  metals  and  their  compounds  were  employed 
solely  in  aqueous  solutions;  recently,  however,  metal  organosols  have 
achieved  therapeutic  recognition.  Employing  lanolin  as  a  protective 
colloid,  C.  AMBERGER  has  prepared  many  colloidal  metal  solutions. 
We  have  interesting  publications  concerning  lanolin  solutions  of 
palladium  hydroxyd  sol  (trademarked  leptynol).  M.  KAUFFMANN 
employed  it  successfully  in  obesity  cures.  It  acts  as  a  carrier  of 
hydrogen,  increasing  oxidative  processes  which  are  deficient  in  the 
obese.  Certain  psychoses  which  may  be  traced  to  similar  causes 
seem  also  at  times  to  be  favorably  influenced  (W.  GOM). 

Silver  hydrosol  of  all  the  metal  hydrosols  has  been  the  most  carefully 
studied;  the  other  hydrosols  show  great  variations  in  some  respects. 

According  to  G.  IZAR,*S  even  the  Macedonians  covered  wounds 
with  silver  plates,  and  in  parts  of  Italy  erysipelas  is  still  treated  in 
the  same  way.  In  the  United  States,  silver  foil  is  employed  in  some 
hospitals  to  seal  open  wounds  (R.  HUNT,  Washington).  CREDE  at 
first  employed  CAREY  LEA'S  colloidal  silver.  Manufacturers  soon 
began  to  make  colloidal  silver  preparations  which  are  sold  under  a 
great  variety  of  names.  Among  the  best  known  are  Argentum  Col- 
loidale  Crede,  which  is  sold  as  Collargol  (von  Hey  den).  It  is  pre- 
pared by  the  reduction  of  silver  nitrate  with  ferric  citrate;  a  dextrin 
probably  serves  as  the  protective  colloid.  In  the  case  of  Lysargin 
(Kalle)  a  sodium  lysalbinate  serves  as  protective  colloid.  Electrar- 
gol  and  Argoferment  are  made  by  electric  pulverization  in  the  presence 
of  a  stabilizer  (probably  gelatin).  According  to  J.  VOIGT  the  linear 
diameter  of  the  particles  in  various  commercial  preparations  varies 
between  14  and  26  /-i/z. 

M.  ASCOLI  and  G.  IZAR  prepare  their  hydrosols  according  to  the 
method  of  G.  BREDIG  (pulverization  of  silver,  gold  or  platinum  elec- 
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trodes  by  electric  ares  under  water).     They  stabilized  some  of  their 
solutions  with  pure  gelatin. 

Since*  CUKD&'S  publication  the  literature  on  the  action  of  colloidal 
silver  has  become  extremely  extensive,  aud  the  results  are  very  con- 
tradictory. It  was  at  first  employed  iu  septie.emias,  by  some,  with 
professedly  good  results,  aud  by  others  without  auy  apparent  influ- 
ence, I  have  jHTsonally  interviewed  many  practitioners  of  medi- 
eine  on  the  action  of  colloidal  silver  and  have  found  among  them 
similar  contradict  ionn.  Home  were  enthusiastic*,  advocates  of  col- 
loidal silver  therapy  at  first,  but  after  several  failures  dropped  the 
use  of  colloidal  silver  entirely.  K.  FILIPPI  is  possibly  correct  in  at- 
tributing u  therapeutic*  result  only  to  a  single  dose.  [A  similar  ob- 
servation ha**  been  made  in  connection  with  non-specific  therapy  by 
intravenous  injection  of  typhoid  vaccine  in  rheumatism,  Tr.]  He 
emphasizes  tin*  decided  difference  in  the  hydrosols  of  different  metals, 
HO  that  the  hydrosol  of  the  one  most'  suitable  must  be  selected  for  each 
individual  ease.  (  'olloid  silver  is  not  only  said  t-o  be  active  iu  general 
infections,  but  it  has  been  praised  also  in  local  processes.  VON 
OttrnN'OKN*  who  nerved  in  the  Russo-Japanese  war,  recommends  it 
heartily  an  n  disinfectant  for  wounds,  [MAcDoNAcnr  has  used  col- 
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Action  on  MicroBrganisms* 

Ttif*  action  of  colloidal  metals  on  protoxoa  (paramecium,  vorticella, 
opalinu)  hitn  been  ntudied  by  R  Kuan1!. 
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It  \#  uottnvnrtliv  that  the  lethal  threshold  for  salts  of  the  name 
tnt'taln  an*  very  nimtlar  for  the  name*  dilution  and  for  thc^  same  con- 
tent of  met  ill. 

roilouini  silver  hiw  alwolutely  uo  (*ffeet  on  moulds.  1  found  that 
a  t  INT  cent  collnrgol  nolution  which  had  l»een  h»ft  unstoppeml  was 
ruvt»rt*d  aftiT  a  timt*  with  a  Hpc»oies  of  mould.  Similar  observa- 
tions w«w  mmli*  by  Fii,ii»Fi*  with  penicillium  and  aspergilhiH  in  th(% 
rani*  of  different  colloid  metals.  It  JSrtWMONDY*1  mentions  that 
mouldrt  grew  on  h'w  gold  hydnisol  and  that  th«  Hohitions  were  grad- 
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ually  decolorized  by  them  as  the  gold  precipitated  on  the  mycelia  and 
stained  them  black. 

Earlier  investigators  (CREDE,  COHN,  BRUNNER,  NETTER)  ob- 
served only  a  moderate  inhibition  of  growth  (1  :  2000  to  1  :  6000  in 
the  case  of  staphylococcus  aureus)  but  no  destruction  of  the  germs 
by  colloidal  silver.  Recent  studies  of  CERNOVODEANU  and  V.  HENRI  * 
on  anthrax  bacilli,  B.  coli,  staphylococcus  pyogenes  aureus  and  albus, 
B.  dysenteria,  etc..,  show  a  strong  bactericidal  action  of  silver 
hydrosol  in  test  tubes;  researches  of  CHARRIN,  V.  HENRI  and  MON- 
NIER-VINARD  *  show  the  same  effect  in  the  case  of  B.  pyocyaneus. 
The  size  of  the  particles  in  a  hydrosol  is  of  very  great  importance, 
and  in  fact  the  finely  granular  red  solutions  are  much  more  active 
than  the  coarser  green  ones;  the  former  completely  inhibited  growth 
in  dilutions  of  1 :  50,000  to  1  :  100,000.  [JEROME  ALEXANDER  has 
produced  especially  fine  dispersion  by  a  new  principle.  Tr.] 

Similar  results  were  obtained  for  pneumococci  by  CHIRI^  and 

MONNIER  VlNARD.* 

According  to  G.  STODEL,*  colloidal  mercury  in  a  dilution  1  :  132,000 
inhibits  the  development  of  B.  typhi  and  of  staphylococci. 

On  account  of  the  results  obtained  with  colloidal  silver,1  as  well  as 
because  of  the  lack  of  irritating  effect  and  of  toxicity  (it  was  pos- 
sible to  employ  it  in  large  doses  subcutaneously  and  intravenously), 
the  hopes  for  its  therapeutic  action  were  justified.  It  is  remarkable 
that,  instead  of  extensive  especially  planned  animal  experiments, 
clinical  experiments  which  were  at  times  favorable  and  at  times  un- 
favorable have  occupied  the  stage.  The  number  of  times  it  has 
been  employed  clinically  compared  with  animal  experiments  is  com- 
paratively small,  and  it  was  tried  on  many  hopeless  cases. 

The  judgment  of  the  results  depends  largely  on  the  experience  of 
the  clinician  and  is  much  influenced  by  the  subjects;  in  short,  the 
results  hitherto  obtained  lead  to  nothing  definite.  On  this  account 
the  indications  for  use  are  very  inadequate.  It  is  from  the  above- 
mentioned  exhaustive  researches  of  M.  ASCOLI  and  G.  IZAR  *  that  an 
idea  of  the  mechanism  of  the  action  of  metal  hydrosols  has  been 
obtained.  [HARRY  CULVER  (Jour.  Lab.  &  Clin.  Med.,  May,  1918) 
found  that  the  gonococcidal  action  of  colloidal  silver  (argyrol,  pro- 
targol,  silvol  and  nargol)  was  diminished  in  vitro  by  aging  the  solu- 
tion by  light  and  by  heat.  He  also  found  that  the  gonococci  became 
resistant  or  adapted  to  a  particular  preparation  by  growth  in  its 
presence.  This  was  not  a  resistance  to  the  other  colloidal  silver 
preparations  but  specific.  The  importance  of  the  "  protecting  "  sub- 
stance is  evident  from  this  experiment.  Tr.] 

1  According  to  STODEL  also,  colloidal  mercury  is  less  toxic  than  mercury  salts. 


TOXICOLOGY  AND  PHARMACOLOGY  369 

Ferments. 

Ferments  are  much  reduced  in  activity  by  the  salts  of  heavy 
metals.  Since  a  parallelism  has  been  shown  to  exist  between  the 
toxicity  of  colloidal  metals  and  that  of  their  salts,  it  was  expected 
that  the  colloidal  metals  would  exert  a  powerful  action  on  ferments. 
It  is  a  remarkable  fact  that  the  colloidal  metals  proved  to  be  more  or 
less  indifferent. 

The  digestion  of  albumin  by  pepsin,  the  digestion  of  gelatin  by 
trypsin,  the  coagulation  of  milk  by  rennin,  the  cleavage  of  fat  by 
pancreatic  steapsin  and  lipase,  the  fluidification  of  starch  by  pan- 
creatin  and  takadiastase  were  uninfluenced  by  colloidal  silver  (see  M. 
ASCOLI  and  G.  IZAR*). 

L.  PINCUSSOHN*  examined  the  following  substances  for  their  in- 
fluence on  digestion  with  pepsin:  chemically  prepared  hydrosols  of 
silver,  selenium,  gold,  copper,  bismuth,  mercury  (Hyrgolum)  and 
arsenic;  and  electrically  pulverized  preparations  of  silver,  gold, 
platinum,  mercury  and  bismuth.  In  no  case  was  the  activity  of 
pepsin  increased,  but  it  was  diminished  by  large  doses,  and  least  in 
the  case  of  hydrosols  obtained  by  electrical  pulverization. 

E.  FILIPPI  *  was  unable  to  obtain  any  effect  with  colloidal  metals 
(Au,  Hg,  Cu,  Ni,  Pd)  upon  fermentation  in  the  case  of  yeast,  pepsin, 
trypsin  or  rennin. 

Small  quantities  of  silver  hydrosols,  on  the  contrary,  activate  the 
diastatic  ferment  of  the  liver  and  of  the  blood  serum. 

According  to  H.  J.  HAMBURGER,  the  action  of  staphylolysin,  the 
hemolytic  excretion  of  staphylococci,  is  inhibited  by  collargol.  Ac- 
cording to  W.  WBICHARDT,  colloidal  platinum  and  palladium  neutral- 
ize fatigue  poisons. 

In  vitro,  C.  FOA  and  A.  AGGAZZOTTI  were  unable  to  demonstrate  any 
action  of  silver  hydrosol  upon  toxins,  but  they  could  if  it  was  in- 
jected into  the  circulation  immediately  after  the  toxin. 

0.  GROS  and  J.  M.  O'CONNOR  obtained  divergent  results  for  the 
decrease  in  the  strength  of  tetanus  and  diphtheria  toxin  produced  by 
collargol. 

Autolysis. 

In  marked  contradiction  to  the  inactivity  of  silver  hydrosol  on 
most  ferments  is  the  very  considerable  influence  of  metal  hydrosols  on 
the  enzymes  of  autolysis.  If  any  organ,  the  stomach,  liver,  spleen,  etc., 
is  kept,  especially  if  kept  at  body  temperature,  changes  occur  in  it  which 
finally  lead  to  a  softening  and  decomposition  characterized  by  a  more 
or  less  extensive  cleavage  of  the  albumins,  nucleins,  etc.,  involved. 

This  decomposition  occurs  even  though  the  organ  is  absolutely 
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sterile,  so  that  incidental  bacterial  growths  are  not  the  cause;  it  is 
brought  on  by  a  series  of  different  enzymes  each  of  which  has  a  definite 
function,  and  the  process  is  called  autolysis  or  autodigestion. 

All  the  hydrosols  investigated,  namely,  those  of  silver,  gold,  plat- 
inum, mercury,  palladium,  iridium,  copper,  lead,  ferric  hydroxid 
and  aluminium  hydroxid  have  the  ability  to  assist  autolysis;  M. 
ASCOLI  and  his  coworkers,  by  separately  investigating  the  resulting 
products,  were  able  to  determine  the  action  of  the  individual  enzymes. 
For  instance,  the  liver  of  a  recently  killed  animal  was  cut  up  into  small 
pieces  and  passed  through  a  sieve;  it  was  then  diluted  with  water  and 
distributed  in  a  number  of  sterile  vessels  with  1  per  cent  toluol  to  pre- 
vent putrefaction.  In  one  sample  the  albumins  were  immediately 
coagulated,  and  the  total  nitrogen,  as  well  as  the  individual  nitrogen 
fractions,  determined.  Varying  quantities  of  metal  hydrosol  were 
added  to  the  remaining  vessels  and  they  were  kept  for  72  hours  at  37°  C. 

Each  portion  was  then  tested  for 

1.  Total  nitrogen  (according  to  KJELDAHL). 

2.  Nitrogen  (as  monamino  acids). 

3.  Purin-bases  (according  to  SALKOWSKI). 

4.  Albumose-nitrogen  (according  to  BAUMANN  and  BOMER). 

The  difference  between  the  total  nitrogen  and  the  sum  of  the  other 
values  gave  the  quantity  of  nitrogen  present  as  diamino  acids,  peptone 
and  ammonia. 

In  general,  there  is  an  accelerating  action  on  the  total  autolysis 
as  well  as  on  the  cleavage  of  the  nucleins,  and  the  formation  of 
monamino  acids;  though  there  are  considerable  quantitative  dif- 
ferences between  the  different  hydrosols.  For  instance,  minimal 
quantities  of  Ir,  Hg,  Cu  and  Ag  favor  the  autolytic  process  in 
general,  yet  decidedly  larger  quantities  of  Pb,  Au,  Pt  and  Pd  are 
required  for  this  purpose.  The  same  facts  hold  for  the  formation  of 
monamino  acids.  Small  doses  increase,  while  larger  quantities  of 
hydrosols  interfere  with  the  cleavage  of  nucleins;  however  this 
does  not  hold  true  for  silver,  platinum  and  gold  hydrosols.  Under 
ordinary  circumstances  the  uric  acid  formed  during  autolysis  is 
broken  down  still  further  by  a  uricolytic  ferment;  the  action  of  this 
ferment  is  inhibited  by  silver  hydrosol. 

Though  there  is  no  difference  between  the  action  of  stabilized  and 
unstabilized  silver  upon  autolysis,  such  a  difference  was  noticeable  after 
the  addition  of  defibrinated  blood.  Defibrinated  blood  interferes  with 
the  acceleration  of  autolysis  due  to  unstabilized  silver  hydrosol,  but 
it  does  not  do  so  in  the  case  of  the  stabilized  hydrosol. 

This  observation  is  also  of  great  interest  in  connection  with  the 
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theory  of  protrcthr  ro//wV.s.  A  priori  we  would  be  justified  in  be- 
lieving that  no  difference  exists  between  stabilised  and  unstabilizcd 
metal  hydrosol,  but  that  a  stabilization  could  bo  produced  by  the 
dissolved  albumins  of  the  hashed  organ  or  of  the  added  blood.  The 
above*  example  indicates  the  delicate  adjustments  in  the  mechanism 
of  colloid  protection.  (Different  substances  may  compete  for  the 
protector,  thus  establishing  "  preferential  "  protection.  Tr.j 

It  is  interesting  to  note  in  addition,  that  the  above  investigators 
found  that  minimal  traces  of  prussic  acid,  mercuric  ehlorid  and 
eyanid.  arseuions  acid  and  carbonic  oxid  had  as  toxic  an  effect  on  the 
autolytic  action  of  silver  hydrosol  as  upon  its  ability  to  split  hy- 
drogen peroxide.  This  process  which  was  exhaustively  studied  by 
(},  Buumti  may  he  made*  to  regress  so  that  the  metal  hydrosols  may 
"recover."  The  identical  observation  was  made  by  M.  Asmu  and 
(}.  IXAU  in  respeet  to  the  autolysis  by  poisoned  silver  hydrosol. 

Hfawl;  Hydrosols  of  stiver,  lead  an<l  mercury  have  the  ability  to 
dissolve  red  blood  corpuscles,  whether  the*  hydrosols  are  stabilized  by 
gelatin  or  not  (M.  ASCOM  *l).  It  is  also  interesting  to  learn  that  pure 
powdered  silver  eauses  hctnolysis,  though  t-his  proceeds  very  slowly. 

The  same  silver  powder  when  repeatedly  used  for  hemolysis  be- 
comes inactive;  serum  inhibits  hemolysis  by  silver.  II.  'BiwiinoLD1 
observed  that  a  drop  of  mercury  causes  strong  hemolysis,  which 
scrum  did  not  inhibit,  lit*  also  observed  hemolysis  with  metallic, 
lend,  though  this  wan  much  weaker  than  in  the  cast*  of  mercury. 
Metullie  eopprr  hardens  the  erythrocyt.es. 

Poisons  do  not  interfere  with  the  action  of  silver  hydrosol. 

It  is  necessary  in  these  effects  to  distinguish  between  the  specific? 
activity  of  the*  metal  involved  and  the  generic  activity  due  to  the 
development  of  surface.  Hemolysis  is  induced  by  quite  indifferent 
suspensions,  by  kaolin  (FUIKDHKUOKU  and  his  pupils)  as  well  as  by 
barium  sulphate  and  calcium  fluoricl  (C).  (!KN<H>U).  Such  hemolysis 
is  inhibited  by  newm. 

After  A«'H,\iw  and  K  Wmu.,  as  well  as  A.  ROBIN  and  K.  WKILL, 
had  studied  the  influence  of  colloidal  silver,  and  (}.  SroDKL2  had 
studied  the  influence  of  colloidal  mercury  upon  erythroeyte  pro- 
duction, K  FiMi't1!,  and  later  LH  FiSvuw  DK  Aititu",  carried  these  in- 
vestigations further  and  extended  them  to  other  metal  hydrosols. 
The  results  in  brief  shoxv  that  the  red  blood  corpuscles  arc  at  first 
diminished  to  a  greater  extent  than  the  white.  Later  there  is  a  con- 
siderable increase  of  both  red  and  white  blood  corpuscles.  After  the 

s  An  yt»t  imjmbliHlM*«I. 

3  'I'll**  Cart  tlmt  C !.  Srojwt,  <!i«l  not  observe  hemolyni.H  of  t log's  blood  with  electri- 
cally imlverixetl  roU<»i«litI  mercury  in  reiaarkuhle,  and  deserves  further  investigation. 
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prolonged  injection  of  hydrosols  the  red  blood  corpuscles  arid  the 
hemoglobin  are  somewhat  increased,  but  there  is  no  noticeable  in- 
crease of  leucocytes.  Silver,  copper,  manganese  and  mercury  prove 
most  active;  platinum,  palladium,  gold  and  nickel  are  much  weaker. 
Identical  results  are  obtained  with  small  doses  of  the  salts  of  these  metals. 

This  does  not  completely  accord  with  the  results  of  0.  GROS  and 
J.  M.  O'CONNOR,*  who  observed  an  immediate  increase  of  the  polynu- 
clear  leucocytes  just  as  occurs  after  the  introduction  of  any  other 
foreign  substances. 

Very  noteworthy  is  the  observation  of  FILIPPI,  that  colloidal  silver, 
copper  and  mercury  introduced  into  the  circulation  markedly  in- 
crease phagocytosis. 

The  following  table  obtained  with  slightly  different  experimental 
conditions  on  rabbits  illustrates  this: 

PHAGOCYTOSIS  OF  ALEURON  AND  CARMINE. 


Normal. 

Ag. 

Cu. 

Hg. 

Pt. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

3.12 

27.50 

17.80 

38.00 

5.20 

37.80 

40.16 

16.10 

8.20 

LE  FEVRE  DE  ARRIC  found,  on  the  contrary,  that  this  assumption 
could  not  be  generalized.  In  experiments  with  silver  hydrosol 
(electrargol)  he  found  in  guinea-pigs  an  increase  in  the  phagocytic 
activity  for  colon  and  typhoid  bacilli;  in  rabbits  there  was  a  diminu- 
tion for  typhoid  bacilli.  In  both  guinea-pigs  and  rabbits  there  was 
an  unfavorable  effect  on  the  phagocytosis  of  pyocyaneus  and  staphylo- 


cocci. 


Metabolism. 


Naturally,  the  processes  occurring  in  the  living  organism  are  far 
more  complicated  than  in  the  individual  organ  elements  or  in  the 
dead  organ.  However,  since  there  were  obtained  from  the  study  of 
autolysis  viewpoints  for  the  action  of  hydrosols  on  the  disintegration 
of  nitrogenous  constituents,  the  investigation  of  the  nitrogen  change 
in  the  living  organism  offered  a  prospect  of  profitable  study  (M. 
ASCOLI*  and  G.  IzAR,*1  FILIPPI  and  RODOLICO). 

For  this  purpose  bitches  were  fed  entirely  on  bread  made  from 
wheat  or  rye  flour.  The  total  nitrogen  in  the  feces  was  determined, 
and  in  the  urine  the  total  nitrogen,  the  urea  nitrogen  and  the  uric  acid. 
In  a  previous  series  of  experiments  with  men,  like  determinations  were 
made  (excepting  of  the  N  of  the  feces)  as  in  the  experiments  under- 
taken on  rabbits  by  E.  FILIPPI  and  RODOLICO.  Metal  hydrosols  were 
administered  intravenously.  The  results  were  concordant. 
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The  result  of  the  experiment  was  as  follows:  unstabilized  silver 
hydrosol  (prepared  according  to  G.  BKEDIG)  as  well  as  collargol  had 
no  action  in  small  doses.  Silver  hydrosol  (prepared  according  to  G. 
BKEDIG),  stabilized  with  gelatin,  increased  the  nitrogen  metabolism; 
the  nuclein  metabolism  was  chiefly  affected  since  there  resulted  a 
decided  increase  in  the  elimination  of  uric  acid  in  the  urine.  Sil- 
ver hydrosol  stabilized  by  gelatin  has  a  more  powerful  action  than 
the  corresponding  quantity  of  silver  nitrate,  silver  thiosulphate  or 
silver  albuminate,  which  exert  a  qualitatively  analogous  action. 
On  the  other  hand,  the  N  elimination  in  the  feces  is  decreased. 
Mercury  and  lead  hydrosols  have  a  similar  effect,  differing  only  in 
the  time  curve.  Large  quantities  of  collargol  also  increase  the  uric 
acid  excretion. 

Temperature  Curve. 

The  injection  of  a  few  cubic  centimeters  of  silver  hydrosol  causes 
a  rise  of  temperature  of  varying  but  usually  brief  duration  (M. 
ASCOLI  and  G.  IZAR*);  on  the  other  hand,  the  unstabilized  hydrosols 
have  no  observable  effect  on  temperature  (BOURGOTJGNON*).  This 
corresponds  with  the  observations  on  autolysis  described  above. 

Distribution. 

Finally,  we  must  inquire,  what  becomes  of  the  injected  silver 
hydrosol.  This  has  already  been  investigated,  at  least  as  far  as  con- 
cerns collargol  injected  intravenously.  G.  PATIN  and  L.  ROBLIN  * 
found  it  chiefly  in  the  liver  but  to  a  less  extent  in  the  kidney.  They 
contend  that  there  occurs  a  concentration  and  gradual  excretion 
through  the  kidneys.  S.  BONDI  and  A.  NEUMANN  showed  that  col- 
largol as  well  as  other  indifferent  suspensions  (india  ink,  fat)  dis- 
appear from  the  circulation  within  1/2  to  1  hour  after  intravenous 
injection  and  are  temporarily  deposited  in  the  liver,  bone  marrow 
and  spleen.  It  is  the  star  cells  of  VON  KUPFFER  which  chiefly  take  up 
these  suspensions. 

J.  VOIGT  contributed  especially  accurate  researches.  He  traced 
the  fate  of  the  stored  silver  in  the  more  important  organs  by  examin- 
ing microscopic  sections  in  the  ultramicroscope.  Of  his  findings  let 
us  emphasize  particularly  that  it  made  a  difference  in  the  distribution 
of  the  silver  in  the  individual  organs  whether  the  animal  was  over- 
whelmed by  a  single  large  quantity  of  silver  solution  or  smaller 
repeated  doses  were  injected.  There  were  definite  differences  in  the 
pictures  obtained  with  different  colloidal  metals  and  metallic  com- 
pounds. According  to  personal,  hitherto  unpublished  communica- 
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tions  from  J.  VOIGT  the  silver  is  precipitated  at  the  site  of  injection 
after  intramuscular  injections  and  in  the  peritoneum  after  intra- 
peritoneal  injections,  whence  it  is  gradually  transported  to  the  internal 
organs.  It  is  still  an  open  question  whether  the  transportation  is 
purely  mechanical  or  results  from  solution  and  reprecipitation. 

Therapeutics. 

It  is  obvious  from  the  preceding  statements  that  metal  hydrosols 
may,  from  very  different  causes,  exert  a  therapeutic  action.  In  in- 
fectious processes  we  may  imagine  that  there  is  a  direct  action  on 
the  excitants  of  infection;  although  this  may  be  due  to  an  indirect 
action  inasmuch  as  the  hydrosol  stimulates  the  formation  of  anti- 
bodies and  phagocytosis,  or  it  may  injure  the  infecting  organisms  by 
intensifying  metabolic  changes  in  some  way. 

In  view  of  G.  BREDIG'S  experiments  on  the  catalytic  action  of  col- 
loidal metals,  a  catalytic  action  of  metal  hydrosols  which  produces 
effects  similar  to  the  ferments  in  the  living  organisms  has  been 
frequently  suggested.  Personally,  I  prefer  to  leave  undecided 
whether  such  an  expression  as  "  catalytic  action "  has  any  real  mean- 
ing in  this  connection  or  whether  it  is  nothing  but  an  empty  word. 

We  shall  merely  mention  here  the  experiments  with  colloidal  mer- 
cury, which  has  been  chiefly  used  in  syphilis  and  shows  a  specific 
action  similar  to  that  of  other  mercury  preparations. 

Animal  Experiments. 

In  the  case  of  silver  hydrosol  there  exist  many  experiments  of 
C.  FOA  and  A.  AGGAZZOTTI.*  They  infected  rabbits  with  staphyl- 
ococci  and  after  an  hour  injected  30  cc.  of  a  red  silver  hydrosol, 
repeating  this  several  times.  In  this  way  they  delayed  the  death 
of  the  animal  from  1  to  3  days  but  recovery  was  not  brought  about. 

In  infections  with  diplococci  and  typhoid  (in  dogs)  the  animals 
could  be  kept  alive  with  injections  of  silver  hydrosols.  In  the  latter 
instance  this  was  even  possible  when  the  silver-hydrosol  injection 
was  given  in  doses  of  5  cc.  intraperitoneally  as  late  as  12  to  24 
hours  after  the  injection  of  the  microorganisms. 

The  same  authors  found  that  silver  hydrosol  has  no  effect  on 
toxins  in  vitro,  whereas  it  inhibits  the  toxicity  if  it  is  injected  imme- 
diately after  the  toxin.  From  this  they  concluded  that  silver  hydro- 
sol activates  the  oxidizing  ferments  of  the  body. 

CHAKRIN,  V.  HENRI  and  MONNIBR-VINNARD  *  speak  very  guard- 
edly concerning  their  therapeutic  results,  and  characterize  them  as 
"very  promising."  CHIRIE  and  MONNIER-VINNARD  *  experimented 
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with  pneumocoeei  on  while  rats  au<l  mice.  They  obtained  at  times 
a  retardation  of  the  disease  process  aud  in  individual  instances  they 
allege  a  run.*  by  means  of  silver  injeetions. 

Clinical  Experiments. 

I  shall  pass  over  the  majority  of  experiments  which,  because  of 
their  limited  seope,  an*  without  significance  aud  frequently  contra- 
dictory, and  shall  only  regard  such  results  as  are  unimpeachable. 
To  all  appearances,  only  experiments  performed  with  a  stabilised 
silver  hydrosol  have  practical  value. 

The  use  of  silver  hydrosol,  as  eollargol,  in  septieemia  and  pyernia 
is  most  frequent  aud  best  known.  It  is  usually  used  as  an  intra- 
venous injection*  at  times  as  an  ointment  or  an  enema.  If  the 
numerous  ease  histories1  are  reviewed,  two  phenomena  are  prom- 
inent; the  fall  in  temperature  and  the*  subjective  improvement 
of  the  patient  which  follow  several  hours  after  the  application  is 
given,  In  contrast  to  this  it  is  hardly  possible  to  determine  to 
what  extent  the  disease  process  is  influenced.  The  effect  of  silver 
hydrosol  ou  pneumonia  has  been  studied  most  thoroughly.  (!. 
KTINNNK*  and  J.  ('AVAWAH  obtained  good  results;  the  rapid  defer- 
vescence is  also  tlu*  most  significant  fact  here.  (!.  I  HA  it*'*  treated 
2K  eases  of  pneumonia  with  silver  hydrosol  and  several  with  plati- 
num and  indium  hydrosol;  no  difference  was  noted  between  the 
Agt  Ft  and  Ir.  These  thoroughly  studied  cases  gave1  the  following 
results:  the  course  of  the  pneumonia  process  seems  in  general  to 
have*  been  favorably  influenced  though  it  was  hardly  possible  to  at- 
tribute this  to  a  specific  action  upon  the  infectious  process,  but 
rather  to  the  amelioration  of  the*  symptoms.  As  in  the.  ease  of 
healthy  individuals,  in  a  pneumonia  patient  a  rise  of  temperature, 
which  reaches  its  maximum  in  about  4  hours,  follows  the  injection, 
and  this  in  followed  by  a  severe  rigor,  which  is  succeeded  by 
profuse  sweat  ing  and  a  rapid  temperature  fall,  "critical  in  character, 
however,  it  cannot  be  termed  a  crisis."  Tin*  subjective  improvement 
of  the  patient  is  characteristic  of  the  action  of  silver  hydrosol. 

The  brief  period  of  oppression  and  anxiety  which  accompanies 
the  rigor  5s  nueeeeded  when  the  temperature*  falls  by  a  feeling  of  well- 
being  or  euphoria.  ( krcliae  and  renal  functioning  are  not  affected, 
nor  is  there  any  action  on  the  course  of  the  pneumonia  process  as  far 
its  may  l>e  determined  from  a  change  in  the  excretion  of  chlorids. 

i  A  wry  eomplota  bibliography  w  given  by  WKJHHMANN,  tfber  Kollargol. 
,  MorwtHh.,  Aug.,  1905. 

by  Iseovnsro,  Prertne  MMieal<%  May  H,  1007. 
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G.  IZAR  reaches  the  conclusion  that  "the  regular  use  of  the  injections 
shortens  the  course  of  the  infection  and  seems  to  make  it  more  favor- 
able." 

It  was  mentioned  at  the  outset  that  the  number  of  infectious 
diseases  in  which  silver  hydrosols  as  well  as  other  metal  hydrosols 
were  employed  is  very  great,  and  the  opinions  of  the  results  very 
divergent;  silver  hydrosol,  and  at  times  platinum-hydrosol,  have  been 
employed  in  inflammatory  rheumatism  and  erysipelas,  in  typhoid 
and  para-typhoid,  in  appendicitis,  furunculosis,  phlegmons,  anthrax, 
cerebrospinal  meningitis,  and  scarlatina,  dysentery  and  diphtheria, 
etc.  As  in  the  case  of  the  diseases  previously  described,  it  affects 
the  temperature  curve  though  at  times  only  temporarily,  and  there 
is  frequently  no  influence  on  the  patients  subjectively. 

I  have  not  as  yet  discovered  in  the  literature  any  published  cases 
of  the  use  of  silver  hydrosols  in  tuberculosis;  if  they  exist  they  are 
probably  isolated  instances.  The  reader  may  well  get  the  impression 
that  there  do  not  exist  for  most  diseases  such  thorough  studies  as  G. 
IZAR'S  ^  in  pneumonia,  and  that  on  this  account  trn  records  of  metal 
hydrosol  therapy  are  incomplete. 

Mercury. 

Mercury  has  been  used  for  centuries  in  syphilis.  Since  metallic 
mercury  as  such,  as  well  as  in  the  very  finely  emulsified  form  of  blue 
ointment,  is  absorbed  by  the  organism,  there  is  no  reason  for  expecting 
a  very  marked  difference  to  result  from  the  colloidal  solution. 

The  chemical  firm  of  VON  HEYDBN  manufacture  a  mercury 
hydrosol  called  Hyrgolum  and  a  raercurous  chlorid  hydrosol  called 
Galomelol,  which  may  also  be  employed  for  inunctions. 

Sulphur. 

For  some  time  a  water-soluble  sulphur  hydrosol  has  been  intro- 
duced into  medicine  and  employed  in  skin  diseases.  Its  action 
depends  on  the  method  of  introduction  since  sulphur  is  reduced  to 
the  highly  toxic  hydrogen  sulphid  in  the  organism.  The  lethal  dose 
for  a  rabbit  weighing  1  kilo,  according  to  L.  SABBATANI,  is  0.0066  gm. 
of  colloidal  sulphur  intravenously  (death  is  immediate) ,  whereas  death 
occurs  only  after  several  hours  when  0.25  gm.  is  introduced  into  the 
alimentary  tract.  The  action  also  depends  on  the  kind  of  animal ;  dogs 
are  much  less  sensitive  to  sulphur  than  other  experimental  animals. 

The  reduction  and  consequently  the  toxicity  depends  on  the  physi- 
cal condition;  it  is  most  intense  in  colloidal,  less  in  amorphous,  and 
least  in  crystalline  sulphur.  Moreover  the  toxicity  is  directly  pro- 
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portional  to  the  dispersion.     JOSEPH  recommends  sulphur  hydrosol  in 
diseases  of  the  skin. 

Phosphorus,  Arsenic,  Antimony. 

Of  all  the  complicated  phenomena  caused  by  these  three  sub- 
stances in  different  doses,  there  is  only  one  which  can  be  considered 
colloid-chemically.  Phosphorus,  arsenic  and  antimony  greatly  influ- 
ence metabolism.  Whereas  arsenic  and  arsenic  salts  inhibit  liver 
autolysis  even  in  small  doses,  minimal  doses  of  arsenic  trisulphid 
hydrosol  favor  it.  Small  quantities  of  the  latter  preparation  activate 
and  larger  ones  inhibit  the  uric  acid  forming  ferments  in  liver  autol- 
ysis (M.  ASCOLI  and  G.  IZAR*). 

Phosphorus,  arsenic  and  antimony  inhibit  oxidation  processes.  In 
minute  doses  this  results  in  an  increased  constructive  activity;  its 
effect  may  be  compared  with  slight  oxygen  need,  such  as  occurs  at 
high  altitudes.  In  larger  doses  the  toxic  action  comes  to  the  fore- 
ground. The  metabolism  does  not  reach  its  end  product,  weak  car- 
bonic acid,  but  there  are  formed  the  intermediary  stronger  acids 
(lactic  acid,  glycuronic  acid,  etc.);  the  difficultly  oxidizable  fats  are 
no  longer  normally  attacked;  there  is  a  fatty  degeneration  of  the- 
glands  (liver,  kidneys),  subcutaneous  tissue  and  in  the  peritoneum 
and  all  the  organs  successively.  [It  is  more  probable  that  there  is 
a  change  in  the  aggregation  of  the  fat  globules  as  the  result  of  these 
poisons  (breaking  of  emulsions).  T.  BRAILSFORD  ROBERTSON  has 
recently  presented  this  view,  and  he  refers  to  the  fact  that  GAY  and 
SOUTHARD  observed  the  loading  of  the  gastric  epithelium  with  visible 
fat  globules  in  animals  which  have  experienced  anaphylactic  shock. 
Science  N.  S.,  Vol.  XLV,  No.  1170,  p.  568  et  seq.  Tr.]  It  is  upon 
this  very  retention  of  fat  that  the  therapeutic  employment  of  arsenic 
depends.  It  has  been  recognized  a  long  time  by  the  arsenic  eaters 
of  Steiermark  and  by  breeders.  [This  may  be  due  to  the  destruction 
of  the  protective  action  of  an  emulsostatic  substance.  Tr.] 

With  toxic  doses,  when  the  formation  of  stronger  acids  instead  of 
weak  carbonic  acid  occurs,  there  must  results  an  increased  friction  of 
the  blood  in  the  capillaries.  As  a  matter  of  fact  circulatory  disturb- 
ances are  among  the  most  characteristic  phenomena  of  phosphorus, 
arsenic,  antimony  and  lead  poisoning.  "  Generalized  dropsy"  (edema 
resulting  from  acid  formation  in  the  tissues,  see  p.  208  et  seq.}  is  a 
symptom  of  chronic  arsenic  poisoning. 

We  must  also  regard  the  "capillary  paralysis"  due  to  arsenic 
as  caused  by  an  increase  of  the  viscosity  of  the  blood  at  the  inter- 
faces. It  must  be  specially  emphasized  that  these  statements  are 
only  working  hypotheses. 
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Salts. 

The  neutral  salts  of  alkalis  may  cause  injuries1  to  organs  or 
organ  groups  by  reversible  changes  in  the  condition  of  the  organ 
colloids;  strictly  speaking,  they  are  not  poisons.  We  are  unable 
to  produce  a  poisoning,  for  instance  by  the  oral  ingestion  of  moderate 
doses  of  potassium  salts,  though  this  may  be  accomplished  with 
intravenous  injections;  under  such  circumstances,  disturbances  of  the 
heart  muscle  and  the  peripheral  vessels  are  observed.  It  would  be 
worth  determining  whether  these  phenomena  are  not  to  a  great 
extent  caused  by  changes  in  the  viscosity  of  the  blood.  Hitherto, 
potassium  salts  have  not  been  purposely  employed  therapeutically 
with  this  in  view.  H.  BECHHOLD  and  J.  ZiEGLER*3  attribute  the 
favorable  action  of  a  vegetarian  diet  in  gout  to  the  generous  supply 
of  potassium  salts  which  hinders  the  precipitation  of  urates. 

The  biological  action  of  neutral  salts  has  been  studied  chiefly 
by  biologists  and  physiologists.  We  owe  to  them  valuable  contri- 
butions concerning  the  inhibition  of  irritability  (see  p.  274  et  seq.), 
the  death  of  lower  salt  and  fresh  water  organisms  in  changed  media, 
and  the  inhibition  of  the  development  of  the  eggs  of  marine 
creatures. 

It  follows  from  all  these  investigations  that  for  the  normal  function- 
ing of  the  organisms,  no  matter  whether  animal  or  plant,  high  or  low, 
a  definite  combination  of  electrolytes  is  necessary;  upon  this  the 
normal  state  of  swelling  for  the  organ  colloids  depends.  The  cations 
are  especially  important.  The  monovalent  cations  (Na,  K)  are  held 
in  check  by  small  quantities  of  divalent  ones  (Ca,  Mg).  [See  CLOWES, 
p.  38.  Tr.]  Several  examples  may  serve  to  explain  this.  For  ani- 
mal organisms  a  given  content  of  Na  ions  is  necessary,  which  may 
at  best  be  replaced  by  Li  ions.  K  ipns  are  especially  poisonous  because 
they  change  the  state  of  turgescence  of  the  organ  colloids.  Pure 
sodium  chlorid  solution  of  physiological  osmotic  pressure  behaves  as 
a  poison;  this  was  shown  by  JACQUES  LOEB  on  the  fertilized  eggs 
of  fundulus  heteroclituSj  a  small  sea  anemone.  He  also  showed 
that  this  poisonous  action  was  arrested  by  the  addition  of  a  small 
amount  of  any  salt  containing  polyvalent  cations.  Substances  which 
were  themselves  very  poisonous,  such  as  barium,  zinc,  lead  and  ura- 
nium salts,  under  these  circumstances  detoxicate  sodium  chlorid,  but 
copper  and  mercury  salts  and  ferric  ions  showed  no  detoxicating 
action.  K.  G.  LILLIE  *x  observed  a  similar  antitoxic  action  of  poly- 
valent cations  in  the  poisoning  of  the  larval  forms  of  arenicola,  a  sea 
annelid.  Its  ciliary  movement  is  stopped  by  pure  Na  and  Li  salts 

1  These  questions  are  treated  in  Chapter  XVII. 
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since  the  cilia  dissolve.  This  injurious  action  is  stopped  by  poly 
valent  cations. 

Interesting  in  this  connection  are  the  experiments  of  Wo.  OST 
WALD  *1  on  the  vitality  of  the  sand  flea  (gammarus  pulex)  which  lives  ii 
fresh  water.  It  survives  in  sea  water  three  or  four  days  but  in  i 
mixture  of  four-fifths  sea  water  and  one-fifth  distilled  water,  it  live; 
almost  as  long  as  in  fresh  water.  If  each  constituent  of  the  sea  wate 
is  successively  removed,  the  toxicity  of  the  remainder  rises,  that  I 
the  duration  of  life  diminishes  in  the  following  order: 

NaCl  4-  KC1  +  CaCl2  +  MgS04  +  MgCl2 
NaCl  +  KC1  +  CaCl2  +  MgSO4 
NaCl  +  KC1  +  CaCl2 
NaCl  +  KC1 
NaCl. 

According  to  W.  J.  V.  OSTERHOUT  what  has  been  demonstratec 
for  animals  is  equally  true  for  plants  (algae,  grains,  liverwort  anc 

3w 
moulds).     The  fresh  water  alga,  vaucheria  sessilis,  is  killed   in  —^ 

NaCl  solution  but  continues  to  grow  if  a  trace  of  calcium  chlorid  ii 
added.  According  to  CHAS.  B.  LIPMAN  the  dry  weight  of  rip< 
barley  was  increased  if  CaS04  was  added  to  a  culture  containini 
sufficient  sodium  sulphate  to  be  harmful.  In  this  case  as  with  cul 
tures  of  bacteria,  the  antagonistic  action  of  the  cations  play  ai 
important  part. 

Though  we  employ  physiological  sodium  chlorid  solution  in  inarrs 
experiments  for  the  maintenance  of  isotonicity,  it  is  merely  a  make 
shift,  and  on  this  account  there  have  recently  been  introduced  solu 
tions  which,  as  well  as  being  isotonic,  have  a  composition  similar  t< 
the  blood  (RINGER'S  and  ADLER'S  solution)  and  thus  maintain  it 
normal  state  of  swelling.  [More  recently  MCCLENDON'S.  Tr.] 

All  these  solutions  contain  the  divalent  Ca  ion.  We  have  indi 
cated  on  page  70  how  we  believe  its  detoxicating  effect  is  brough 
about;  it  opposes  the  swelling  due  to  mono  valent  ions  (Na,  K) 
And  it  is  usually  assumed  that  the  "tanning"  is  limited  to  the  plasm* 
pellicle. 

Though  the  cations  are  of  major  importance  in  " balanced7 
combinations  of  salts,  the  anions  are  not  without  significant 
(J.  LOEB). 

As  was  mentioned  previously,  the  toxic  action  of  the  neutral  salts 
is,  in  general,  reversible.  On  this  account  the  question  arises 
whether  their  action  is  due  to  a  solution  or  an  adsorption  phenomenoi 
by  the  organ  colloids.  Wo.  OSTWALD  decided  the  question  in  favo 
of  the  latter  view.  In  the  adsorption  equation  (see  p.  21)  in 
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stead  of  —  (concentration  of  the  salt  in  the  dispersed  phase)  he 

ffi 

placed  -  ,  in  which  t  =  length  of  life;  -  is  accordingly  the  toxicity. 
t  t 


1 

— 


The  equation  becomes  —  =  k.   Wo.  OSTWALD  experimented  with  the 


sand  flea  mentioned  (gammarus  pulex)  and  with  another  small  crus- 
tacean (daphnia  magna).  He  placed  a  given  number  of  them,  e.g., 
twenty-five,  in  a  definite  quantity  of  water  (100  cc.)  of  different  salt 
concentration  and  every  two  minutes  he  observed  how  many  had 
meanwhile  died.  It  was  evident  that  the  zero  point  of  the  adsorp- 
tion curve  must  be  placed  to  coincide  with  the  normal  salt  con- 
tent of  the  organism,  and  that  either  a  dilution  or  a  concentration  of 
the  surrounding  water  is  toxic.  This  must  be  expressed  in  the  ad- 
sorption equation.  Accordingly,  the  toxicity  formula  for  neutral 

1 

salts,  when  their  concentration  is  increased,  is   -  -  =  k]   in 

(c  —  n)  — 
P 

this  case  n  is  the  quantity  of  salt  normally  adsorbed  in  the  tissues. 
For  the  toxicity  of  subnormal  salt  solutions,  the  adsorption  for- 

mula becomes  -  •  C  —  =  k.    Wo.    OSTWALD  *4  calls  the  latter  the 
t        p 

"formula  of  leaching."  Observed  and  calculated  results  agree  quite 
well. 

A  peculiar  place  is  occupied  by  potassium  iodid  and  iodin  com- 
pounds. With  all  of  them,  the  "iodin  action"  is  the  most  im- 
portant; we  may  even  assume  that  the  iodin  of  nonelectrolytes 
finally  becomes  an  iodin  ion.  The  emaciation  caused  by  its  pro- 
longed internal  use  and  the  atrophy  of  certain  glands  are  the  most 
characteristic  iodin  effects  upon  higher  animals.  Prolonged  use  of 
iodin  preparations,  according  to  H.  MEYER  and  R.  GOTTLIEB,* 
among  others,  causes  an  excessive  secretion  from  mucous  mem- 
branes, which  is  an  inflammatory  reaction.  Even  though  metab- 
olism experiments  have  not  revealed  any  constant  variations  from 
the  normal,  it  may  be  recalled  that  according  to  the  experiments  of 
H.  BECHHOLD  and  J.  ZIEGLER  (see  p.  54)  potassium  iodid  facilitates 
the  diffusion  of  a  third  substance  through  a  jelly.  All  the  phenomena 
mentioned  above  indicate  a  facilitation  of  metabolism.  As  was  to 
be  expected  potassium  iodid  (according  to  E.  ROMBERG)  lowers  the 
viscosity  of  the  blood,  and  according  to  0.  MULLER  and  R.  INADA* 
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improves  its  circulation.  The  action  of  iodiu  in  the  functional  dis- 
turbances of  arteriosclerosis  may  be  explained  by  this  property  since 
sueh  disturbauees  may  be  attributed  to  a  faulty  blood  supply  to  the 
organs.  The  analysis  of  the  individual  features  of  the.  process  has 
not  yet  been  completed. 

K.  BKKNfm*LLi  explains  the  action  of  bromin  salts  as  a  colloidal  ac- 
tion. Bromids,  which  are  given  as  sedatives,  induce  in  both  man  and 
beast  apathy  and  slumber  as  their  most  marked  effect.  It  may  be 
demonstrated  that  a  portion  of  the  ehlorin  in  the  body  is  displaced 
by  bromin  and  that  administration  of  Na(U  induces  recovery.  K. 
BERNOULLI  has  shown  that  the  brain  is  more  swollen  in  equimoleeular 
solutions  of  NaBr  than  of  NaCL  In  addition  he  was  able  to  restore 
rabbits  poisoned  with  NaBr  by  injecting,  instead  of  Na(1-l,  other 
Halts  which  inhibit  swelling  (sodium  sulphate  and  nitrate).  Thus  it 
is  highly  probable  that  change  in  the  function  of  the  nerve  cells  in- 
duced by  bromids  may  be  attributed  to  a  swelling. 

In  the  case*  of  the*  alkaline  earths  there  occur  actual  specific  actions 
and  we  find  transitions  to  irreversible  conditions  which  arc  induced 
by  the  Halts  of  heavy  metals  on  albumin  and  lipoid  colloids.  For 
instance,  barium  has  a  very  intense  action  on  the  heart  and  the 
vascular  musculature.  Of  all  the  anions  sulphocyanid  inhibits  pre- 
cipitation, leant,  so  that  Wo.  PAULI  *4  asserted,  a  priori,,  that  a  com- 
bination of  sulphocyaniel  and  barium  would  exert  an  especially 
severe  effect.  He  maintained  animals  under  the  influence  of  a 
moderate  nulphocyanid  intoxication  which,  though,  the  heart  was 
strong  and  regular,  .stimulated  the  vagus  and  the  vascular  centers. 
In  a  moderate-steed  dog  5  tug.  of  barium  chlorid  sufficed  to  cause  an 
immediate  stoppage  of  the  heart.  Calcium  and  strontium  salts 
acted  in  a  similar  way,  but  much  larger  doses  were  required  since 
with  thene  there  is  much  le*ss  specific  affinity  for  heart  muscle. 

(5.  NKUHKUU  *  and  his  pupils  were  able  to  prepare  in  methyl  alco- 
hol colloidal  solutions  and  jellies  of  compounds  of  calcium,  strontium, 
barium  and  muKuesium,  which  are  insoluble*  in  water,  as  for  instance 
(!a<>,  raS()4,  CaC'Oa,  the  oxalat<»  and  phosphate  of  (-a,  Mg!IP()4, 
BaCO3,  t*te.  Since*  they  are  lipoid-Holuble,  it  is  possible*  they  are*  of 
im|M>rtitnee  in  the  animal  organism.  <  •.  NKUHKUU  believes  that  pos- 
rihly  tht»y  may  develop  in  the  cells  in  the  presence-  of  sugar,  glycerin 
or  even  in  the  presence*  of  ethyl  alcohol  iti  an  aerobic  respiration;  in 
my  opinion  the  prenenee  of  the  body  colloids  should  suffice  to  permit 
them  to  develop.  The  blood  jwssiw  elevating  properties  of  barium 
HaltH  may  eventually  be*  utiliml  in  the  form  of  colloid  solutions  in- 
asmuch as  sueh  solutions  do  not  possess  the*  undesirable  hy-effect-H 
of  barium  salts. 
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Aluminium  is  the  bond  between  the  .earth  alkalis  and  the  heavy 
metals.  It  coagulates  albumin  in  "  irregular  series  "  and  under  certain 
conditions  the  albumin-aluminium  precipitates  are  reversible.  In 
this  connection,  thallium  coagulates  the  protoplasm  of  aquatic  plants 
(spirogyra,  elodea,  etc.),  but  they  recover  when  replaced  in  their 
original  medium  (J.  Sziics). 

The  soluble  salts  of  heavy  metals  form  irreversible  metal  albumin 
precipitates  with  albumin  which  either  flock  out  immediately  or, 
depending  on  the  concentration  of  the  salt  solution,  persist  in  the 
colloidal  condition. 

For  this  property  of  the  salts  of  the  heavy  metals,  besides  the 
valence,  the  electrolytic  solution  pressure  (see  H.  BECHHOLD  **)  is 
determinative;  colloid  precipitation  depends  upon  these  two  factors. 
The  toxicity  threshold  of  the  various  salts  of  the  heavy  metals 
has  been  arranged  in  series.  MATHEWS*  tested  it  on  the  motor 
nerves  of  frogs.  KAHLENBERG  and  TRUE,  as  well  as  F.  D.  HEALD, 
tested  them  on  plant  seedlings.  I  reproduce  (from  R.  HOBER)  the 
series  determined  by  MATHEWS  for  the  inhibition  of  the  develop- 
ment of  the  fertilized  eggs  of  the  sea  anemone,  fundulus  heteroditus. 


Salts. 

Solution  pressure  in  volts. 

Threshold  of  toxicity. 

MnCl2 

+0.798 

1/4  n 

ZnClo     .  .                 

+0.493 

1/800  n 

CdCl2  

+0.143 

1/12,500  n 

FeCl2 

+0.063 

1/10  71 

CaCl2  

-0.045 

1/12  n 

NiCl2 

-0.049 

1/15  n 

Pb(CH3COO)2 

-0.129 

1/5,  000  n 

CuCl2 

-0  606 

1/15  000  n 

HgCl2  

-1.027 

1/50  000  n 

AgN03  

-1.048 

1/90,000  n 

AuCl3.   .  .  . 

-1.356 

1/20  000  n 

The  exceptions  which  ZnCl2  and  CdCk  show  (according  to  R. 
HOBER)  may  depend  in  the  first  instance  upon  strong  hydrolysis 
(acid  reaction)  and  in  the  latter  on  the  smaller  amount  of  electro- 
lytic dissociation  together  with  greater  lipoid  solubility. 

For  the  antagonistic  action  of  ions  of  the  heavy  metals  see  pages 
70  and  378. 

The  intravenous  injection  of  the  salts  of  the  heavy  metals,  which 
is  associated  with  precipitation  of  protein,  causes  in  suitable  doses 
anaphylactic  phenomena  which  may  be  explained  by  what  has  been 
said  on  page  210. 

The  salts  of  the  heavy  metals  in  respect  to  their  toxicity  appear 
to  me  to  have  powerful  specific  influences.  For  instance,  copper 
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salts  are  powerful  poisons  to  algae,  infusoria  and  fungi.  According  to 
BOKORNY  they  arc*  effective  even  in  dilutions  of  1  : 100,000,000. 
Vertebrates  w«i  staud  them  in  relatively  higher  doses;  but  even 
among  these  there  is  considerable  variation;  cats,  for  instance,  are 
said  to  be  very  sensitive  to  eopper  salts. 

Some  of  the  heavy  metal  cations  in  spite  of  always  precipitating  al- 
bumin appeur  to  be  able  to  enter  the  circulation  and  to  be  definitely 
stopped  only  when  they  reach  the  filter  membranes  of  the  glands  (liver, 
spleen,  kidneys).  On  this  account  we  frequently  encounter  kidney 
irritation  from  the  toxic  heavy  metal  cations  (mercury,  lead,  etc.)- 
Doubtless  their  solubilities  in  the  lipoids  are  an  important  factor. 

The  formation  of  irreversible  albumin  compounds  kills  the  cell 
which  is  involved.  |Hg,  when  absorbed  to  the  extent  of  4  nig.  per 
kilo,  plays  relentlessly.  It  forms  an  irreversible  compound,  unaffected 
by  antidotes  or  by  washing  with  water  as  has  been  shown  by  SANSUM. 
Tr.)  On  this  account  besides  the  acids  and  the  alkalis,  salts  of  the 
heavy  metals,  c.gn  eopper  sulphate,  silver  nitrate  and  zinc  chlorid,  are 
used  as  caustics.  Astringents  act  by  causing  a  coagulation  of  the 
topmost  layers  of  mucous  membranes  or  inflamed  surfaces.  There- 
fore they  ineludc  salts  of  the  heavy  metals,  as  silver  nitrate,  copper  sul- 
phate1 and  ueetate,  //me*  sulphate  and  acetate  and  bismuth  sulmitratc. 
Besides  these,  ferric*  chlorid  and  the  various  aluminium  salts  (alumin- 
ium acetates  alum,  etc.)  of  whose*  powerful  flocculating  action,  resulting 
from  the  tri valence  of  I<V  and  Al  we  have  already  learned  (seep.  84); 
the4  flocTulaf  ing  action  in  fact  depends  on  the  colloidal  ferric  hydroxid 
and  aluminium  hydroxid  contained  (see  below).  Similar  results  may 
be  obtained  with  tannin,  formaldehyd,  and  in  short  from  all  the  hard- 
ening agent  H  discussed  in  ( -hapter  XXIII,  provided  their  employment  is 
not  precluded  by  undcsiral  >le  properties  (e.g.,  picric  acid  and  osmic  acid) . 

Iron  Salts  and  Iron  Oxid  Hydrosol. 

Recent  researches  have*  shown  that  only  ionizable  iron  compounds 
have  a  pharmacologic  action  (upon  the  formation  of  red  blood  cor- 
puscles in  chlorosis),  but  they  show,1  on  the  contrary,  that  prepara- 
tions with  iron  firmly  boutul  (hemoglobin  preparations  in  particular) 
have*  no  specific  action/  The  numerous  preparation**  in  which  iron  is 
administered  an  a  colloidal  iron  oxid  (Jerri  oxidat.  saccharatum  solu- 
bik,  liq.  Jerri  ttxhl.  dial}/*,  and  in  some.1;  of  the  chalybeate  mineral 

*  It  may  he  mentions!  in  contradiction  to  thin,  that  colloidal  Fc(OH)a,  ac- 
cording to  M.  Ascot,!  and  O.  I&AK,  favors  the  total  autolymH  of  the  liver  aa  well  as 
its  individual  factor*  (jw  p,  3M  ct  w/.)  and  that  the  ferments  taking  part  in  the 
fonnation  of  urir  acid  arc  activated  by  Urn  addition  of  colloidal  ferric  hydroxid; 
larger  <juantit«««,  lunv(*v(*r,  inhibit  tiric  acud  fonnation. 
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waters)  are  active  only  to  the  extent  that  they  are  dissolved  in  the 
hydrochloric  acid  of  the  gastric  juice.  I  cannot  form  any  idea  as  to 
the  process  of  absorption  since  in  the  alkaline  content  of  the  small 
intestine  where  absorption  occurs,  the  iron  is  thrown  down  again 
as  a  colloidal  gel.  Those  colloidal  iron  preparations  from  which  the 
iron  ion  slowly  splits  off  (e.g.,  liquor  ferri  albuminati,  ferratin,  etc.)  are 
preferable  since  they  exert  a  less  injurious  effect  on  stomach  and 
intestine  (indigestion  and  constipation) .  After  intravenous  or  subcu- 
taneous injection  of  iron  salts  colloidal  ferric  albuminate  compounds 
are  formed  which  may  cause  severe  anaphylactic-like  symptoms  of 
poisoning  (see  p.  382) .  When  iron  salts  are  taken  by  mouth  this  action 
does  not  occur,  since  the  iron  is  arrested  in  the  liver.  The  cathodal- 
migrating  positive  iron  oxid  hydrosol  precipitates  with  the  anodal- 
migrating  blood  colloids  as  an  irreversible  gel.  This  is  the  reason  why 
ferric  chlorid  is  so  suitable  for  hemostasis.  The  greater  part  of  the  Fe 
in  FeCl3  exists  as  iron  oxid  hydrosol  as  the  result  of  hydrolytic  cleavage. 
When  blood  coagulates,  the  excess  of  HC1  is  bound  by  the  blood  salts. 

R.  BUNSEN,  in  his  first  scientific  paper,  showed  that  "freshly  pre- 
cipitated ferric  hydroxid"  is  able  to  take  up  considerable  quantities 
of  arsenious  acid  and  recommended  it  on  this  account  as  an  antidote 
for  arsenic  poisoning.  W.  BILTZ  *2  showed  that  the  distribution  of 
arsenious  acid  between  iron  oxid  hydrogel  and  water  has  the  charac- 
teristic of  an  adsorption  curve  and  not  that  of  a  chemical  combina- 
tion. The  protective  action  against  arsenious  acid  depends  moreover 
upon  the  method  of  preparing  the  ferric  oxid  hydrogel.  Works  on 
materia  medica  prescribe  that  it  be  freshly  prepared.  Perhaps,  the 
inhibiting  action  which,  according  to  L.  PINCUSSOHN,*  ferric  oxid 
hydrosol  exerts  on  pepsin  digestion  depends  upon  adsorption. 

Although  colloidal  ferric  hydroxid  serves  as  the  typical  positive 
colloid  H.  W.  FISCHER  *2  succeeded  in  preparing  a  negative  ferric  oxid 
hydrosol,  as  well.  He  did  this  by  pouring  ferric  chlorid  solution  into 
sodium  hydrate  solution  which  contained  glycerin  as  a  protector. 
Glycerin  and  the  excess  of  alkali  were  then  removed  by  diffusion. 
Instead  of  glycerin  other  polyvalent  alcohols,  e.g.,  mannit,  erythrit 
and  cane  sugar,  may  be  employed.  The  object  of  his  experiments 
was  to  obtain  ferric  oxid  hydrosol  which  might  be  injected  intrave- 
nously. Positive  ferric  oxid  precipitates  with  the  negative  serum 
colloids;  on  this  account  the  intravenous  injection  of  positive  ferric 
oxid  is  immediately  fatal  to  animals,  on  account  of  embolism.  A 
remarkable  exception  to  this  was  found  by  C.  FOA  and  A.  AGGAZZOTTI  * 
in  dogs;  they  are  insensitive  to  positive  ferric  oxid;  no  explanation 
for  this  exists.  Negative  ferric  oxid  may  be  mixed  with  serum  in  any 
proportion.  It  forms  a  deep  ruby  red  solution  which  may  at  times 
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take  up  much  more  than  its  own  volume  of  oxygen.  Since  it  has 
some  other  properties  of  hemoglobin  H.  W.  FISCHER  calls  this  prepa- 
ration "  synthetic  active  hemoglobin"  (Effectsynthese  des  Hdmo- 
globins) .  Properly  prepared  ferric  oxid  may  be  inj  ected  intravenously 
into  rabbits;  yet  depending  upon  how  it  was  prepared  it  proved  to 
be  more  or  less  toxic  even  though  no  embolism  could  be  discovered. 
Negative  ferric  oxid  seems  to  store  itself  up  in  the  glandular  organs 
(liver,  kidneys)  just  as  do  other  hydrophobe,  mostly  negative  col- 
loids. No  change  of  charge  occurs  since  it  is  only  after  HC1  is  added 
that  a  blue  coloration  occurs  with  potassium  f  errocyanid.  Although 
positive  ferric  oxid  hydrosol  strongly  adsorbs  arsenious  acid,  its 
protective  action  is  almost  completely  lost  if  such  a  mixture  of  the 
ferric  oxid  hydrosol  and  the  adsorbed  arsenious  acid  is  injected 
subcutaneously.  Negative  ferric  oxid  hydrosol,  under  the  same 
circumstances,  exerts  a  very  considerable  protective  action,  but  fails 
completely  when  such  a  mixture  is  injected  intravenously.  H.  W. 
FISCHER  attributes  this  to  the  presence  of  hemoglobin  which  tears 
the  arsenious  acid  from  the  ferric  oxid  hydrosol. 

Narcotics  and  Anesthetics. 

We  class  as  narcotics  such  substances  as  temporarily  suspend 
cerebral  function,  and  the  activity  of  the  reflex  centers.  Narcosis  is, 
therefore,  a,  reversible  process. 

According  to  the  theory  of  HANS  MEYER  and  E.  OVERTON,  nar- 
cosis is  produced  by  such  substances  as  dissolve  especially  easily  in 
the  lipoids  of  the  plasma  pellicle  but  are  not  entirely  insoluble  in 
the  plasma,.1  They  determined  the  distribution  coefficient  between 
oil  and  water  for  a  large  number  of  substances  and  found  that  those 
substances  in  which  the  distribution  coefficient  (oil  :  water)  is  high 
are  good  narcotics,  e.g.,  chloroform,  ether,  acetone,  chloral  hydrate, 
urethan,  etc.  The  coincidence  is  not  only  qualitative  but  it  was 
possible  by  determining  the  "  critical  concentration "  to  show  that  it 
was  quantitative.  By  "critical  concentration "  is  meant  the  con- 
centration of  a  narcotic  in  water  which  just  suffices  to  maintain  the 
narcosis  of  an  organism  (animal  or  plant).  With  over  100  substances, 
a  surprising  parallelism  was  shown  to  exist  between  "critical  narcotic 
concentration"  and  coefficient  of  diffusion  between  oil  and  water,  so 
that  a  causative  connection  between  narcosis  and  fat  solubility 
seems  obvious. 

1  There  exists  a  certain  parallelism  between  the  physiological  action  of  nar- 
cotics and  their  ability  to  depress  the  surface  tension  of  water.  Upon  this  is 
based  J.  TRATJBE'S  *  theory  of  narcosis.  The  depression  of  surface  tension  favors 
the  penetration  of  the  narcotic  into  the  cell. 
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In  recent  years  we  have  become  acquainted  with  a  number  of  facts 
which  cannot  be  reconciled  with  the  MEYER-()VERTON  theory.  For 
instance,  S.  J.  MELTZER  showed  that  magnesium  salts  possess  power- 
ful narcotic  properties.  G.  MANSFELD  and  BOSANYI  then  showed  that 
during  profound  magnesium  narcosis  there  was  absolutely  no  change 
from  the  normal  magnesium  content  of  the  brain.  No  increase  in 
Mg  was  demonstrable  either  in  the  lipoid  or  the  lipoid  free  brain 
substance.  Furthermore,  it  developed,  that  the  lipoid  solubility  of 
the  narcotics  was  to  a  certain  extent  merely  accidental  which  paral- 
leled other  physico-chemical  properties.  According  to  J.  TRAUBE 
and  J.  CZAPEK  diminution  of  surface  tension  parallels  the  narcotic 
properties.  We  must  emphasize,  however,  that  in  TRAUBE'S  experi- 
ments only  the  diminution  of  the  surface  tension  to  air  was  deter- 
mined, whereas  in  the  organism  we  are  concerned  with  surface 
tensions  arising  between  two  fluids  or  between  a  fluid  and  a  gel 
phase.  The  observations  of  BATTELLI  and  STERN  have  less  connec- 
tion with  fat  solubility;  according  to  them  there  is  a  parallelism 
between  the  precipitation  of  certain  proteins,  the  inhibition  of  oxida- 
tions in  the  tissues  and  the  narcotizing  activity  of  narcotics.  WAR- 
BURG and  WIESEL  showed  that  narcotics  inhibit  the  ferment  activity 
of  the  pressed  juice  of  yeast  as  well  as  of  the  yeast  cells.  Without 
discussing  the  hypothetical  basis  of  these  processes  we  may  conclude 
from  them  that  lipoid  solubility  does  not  constitute  the  sole  physico- 
chemical  basis  for  narcosis. 

At  present  the  tendency  is  to  believe  that  the  essential  factor  in 
narcosis  is-  a  modification  of  the  plasma  pellicle  which  reversibly 
changes  its  normal  permeability  for  electrolytes,  so  that  it  is  an  open 
question  whether  this  membrane  is  pure  protein  (see  p.  239  et  seq., 
membrane)  or  a  mixture  of  lipoid  and  protein  (see  also  S.  LOEWE). 

An  interesting  support  for  this. view  was  supplied  by  R.  HOBER 
and  his  pupil  A.  JOEL  when  they  measured  the  electric  conductivity 
of  blood  corpuscles  under  the  influence  of  narcotics.  Although  it  is 
true  that  blood  corpuscles  are  not  nerve  cells  there  are  such  similari- 
ties as  justify  us  in  applying  to  nerve  cells,  observations  made  on  blood 
corpuscles.  R.  HOBER  found  that  narcotics  inhibited  the  exit  of 
electrolytes  when  dilute,  and  increased  it  when  concentrated.  Nar- 
cotics when  dilute  produce  quite  the  opposite  effect  they  do  when 
they  are  concentrated.  This  is  analogous  to  the  conductivity 
determinations  of  OSTERHOUT  on  plant  cells  and  the  observations  of 
Sv.  ARRHENIUS  and  BUBANOVIC  as  well  as  J.  TRAUBE  that  small 
amounts  of  many  hemolytic  agents  inhibit  homolysis. 

Obviously,  every  substance  which  dissolves  in  fat  is  not  a  narcotic; 
it  is  such  only  if  it  can  be  again  removed  from  the  lipoid  without 
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leaving  permanent  changes.  We  thus  arrive  at  the  chief  point  in 
the  problem.  The  MKYKU-OVKUTON  theory  explains  the  conditions 
under  which  a  substance  may  act  as  a  narcotic,  but  it  does  not  show 
\vhy  it  narcotises;  in  other  words,  what  the  essence  of  narcosis  is. 
Recent  investigations,  especially  those  of  II.  HOBBK,  have  shown 
that  narcosis  is  brought  about  by  a  change  in  the  state  of  swelling  of 
the  nerve  colloids  by  which  the  changes  which  would  otherwise  bo 
induced  by  the  cell  electrolytes  upon  stimulation  are  arrested.  Ex- 
|H»rimentally  we  consider  an  organ  narcotized  if  its  irritability  is 
temporarily  arrested  or  definitely  changed.  If  we  pass  the  im- 
pulse of  an  electric  current  through  a  muscle  it  contracts.  If  the 
i»nds  of  a  muscle  an*  attached  to  a  galvanometer  and  we  stimulate 
the  muscle  the  needle  of  the  galvanometer  makes  a  short  excursion; 
this  is  called  the  current  of  action.  This  is  associated  in  no  way 
with  the  muscular  contraction,  for  we  may  produce  an  electric  im- 
pulse in  the  nerve  the  same  way  and  nerves  do  not  contract.  The 
excursion  of  the  galvanometer  needle  is  the  only  evidence  that  the 
nerve  is  stimulated.  All  these*  phenomena  are  temporarily  arrested 
as  soon  us  the*  organ  is  narcotised. 

If  we  now  see  that  normal  irritability  is  manifest  as  the  result  of 
an  electrolytic  process  in  which  transitory  changes  in  turgeseence 
oeeur,  and  that  the  turgescenee  of  nerves  and  muscle  colloids  are 
rhnitgcd  by  suits,  by  which  the  irritability  is  consequently  influenced, 
we  shall  not  doubt  that  there  is  a  connection  between  turgeseenee 
and  irritability,  When  we  find  that  the  influence!  of  salts  upon  the 
swelling  capacity  of  cell  colloids,  especially  the  lipoids,  is  placed  in 
abeyance  or  suspended  by  narcotics,  the  mass  of  evidence  is  con- 
elusive. 

The  connect  ion  between  irritability  and  colloid  turgor  was  dis- 
cussed in  Chapters  XVII  and  XXI;  the  following  passages  will 
show  that  narcotics  arrest  changes  in  turgeseenee.  It.  IloincK*4  has 
shown  that  the  axis  cylinders  of  nerve  fibers  swelled  up  in  some 
[Hirtions  under  the  influence  of  neutral  salts  and  shrank  in  others,  as 
is  beautifully  shown  by  .staining  with  methylene  blue.  The  phe- 
nomenon is  reversible.  Swelling  under  the  influence*  of  neutral  salts 
does  not  occur  when  ethyl  urethan  narcosis  is  produced  simultane- 
ously. Accordingly,  in  tins  cast*  the  narcosis  may  be  demonstrated 
in  the  stained  wet  ions  (sec*  p.  .*W(5).  A.  R.  MOOUK  and  II,  K.  ROAF* 
found  that  lifwid  suspensions  are  precipitated  by  small  quantities  of 
chloroform,  alcohol,  ether,  etc.,  instead  of  being  dissolved  by  them. 
It.  <tou>sc!iMU>T  and  K.  PKnuuM*  found  a  similar  action  of  chloral 
hydrate  arid  urethan  in  lecithin  suspensions. 

According  to  S.  J,  Mw/nwu  magnesium  salts  produce  narcosis  if 
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subcutaneously  or  intravenously  injected.    I  wish  to  call  attention 
to  the  fact  that  according  to  O.  FORGES  and  E.  NEUBAUER  *  MgS04 

H  I 

and  MgCl2  in  -^  solution,  unlike  other  electrolytes,  have  very  nar- 
row precipitation  limits  for  lecithin  suspensions;  with  this  fact  their 
narcotic  action  possibly  stands  in  some  relation.  Lower  animals  are 
also  narcotized  by  magnesium  salts.  On  this  account  it  is  used  by 
zoologists  to  fix  objects  in  their  natural  state,  because  Mg  narcosis  is 
not  preceded  by  irritation.  There  is  still  not  very  much  evidence 
that  change  in  swelling  is  inhibited  by  narcotics;  the  evidence  must 
be  reinforced,  especially  by  simple  test-tube  experiments  on  the  rela- 
tive influence  of  salts  and  narcotics  in  changing  the  turgor  of  lipoids. 
We  see  here  a  promising  field  for  experiment.  It  may  be  possible 
to  combine  this  theory  with  that  of  VERWORN'S  school.  According 
to  their  view,  the  oxidation  processes  in  the  cell  are  arrested  during 
narcosis,  a  hypothesis  supported  by  numerous  experiments.  [A.  R. 
G.  HAAS  has  recently  shown  that  when  Laminaria  is  exposed  to  anes- 
thetics (in  sufficient  concentration  to  produce  any  result)  there  is  an 
increase  in  respiration,  which  may  be  followed  by  a  decrease  if  the  re- 
agent is  sufficiently  toxic.  Science  N.  S.,  No.  1193,  p.  46  et  seq.  Tr.] 
In  this  connection  it  must  be  recalled,  especially,  that  oxygen  and 
carbonic  acid  are  much  more  soluble  in  lipoids  than  in  water  and  that 
narcotics  diminish  the  absorption  capacity  of  the  cell  lipoids  for  oxy- 
gen (G.  MANSFELD  *).  It  would  be  interesting  to  determine  the 
extent  to  which  this  solubility  is  influenced  by  the  turgor  of  the  lipoids. 
Elsewhere  I  have  already  stated  that  the  MEYER-OVERTON  theory 
of  narcosis  demands  a  reversible  distribution  of  the  narcotic  be- 
tween lipoids  and  plasma.  Whether  this  distribution  occurs  as  a 
HENRY'S  distribution  or  as  an  adsorption  is  immaterial  in  principle 
(but  not  for  the  action!).  According  to  a  table  of  M.  NICLOUX*  the 
distribution  of  chloroform  seems  to  me  to  approach  that  of  adsorp- 
tion. After  the  termination  of  narcosis,  the  blood  of  a  dog  con- 
tained the  following  content  of  chloroform  (in  per  cent). 

CHLOROFORM  CONTENT  IN  PER  CENT. 


After. 

First  experiment. 

Second  experiment. 

0  minutes  

0  054 

0  0595 

5  minutes  

0  0255 

15  minutes  

0.0205 

30  minutes  

0  018 

0  023 

1  hour  

0.0135 

0  018 

3  hours  

0  0075 

7  hours  

0  0015 
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The  action  of  narcotics  on  the  permeability  of  electrolytes  is 
reversible  according  to  R.  HOBER,  and  may  be  reversed  by  washing 
them  out  provided  the  amount  of  added  narcotic  is  not  too  great. 
R.  HOBER  is  of  the  opinion  that  narcosis  is  characterized  by  a  change 
in  the  plasma  pellicle  in  which  the  increase  of  permeability  to  normal 
stimuli  is  inhibited. 

A  physico-chemical  study  by  S.  LOEWE  actually  showed  that 
chloroform  was  adsorbed  by  the  white  matter  of  the  brain  and  that 
sulphonal,  trional  and  tetronal  were  adsorbed  by  lipoids. 

We  see  from  the'table  that,  at  first,  chloroform  disappears  very 
rapidly  but  that  the  final  portions  are  tenaciously  held.  A  similar 
table  for  ether  reveals  an  approximately  proportional  disappearance 
of  ether  from  the  blood  in  given  units  of  time,  which  would  approxi- 
mately answer  the  demands  of  HENRY'S  law.  The  slower  recovery 
from  chloroform  than  from  ether  narcosis  is  thus  explained. 

It  is  evident  from  what  has  been  previously  said  that  narcosis 
merely  represents  a  given  segment  of  the  curve  which  different  con- 
centrations of  the  narcotic  cause  in  the  turgor  of  the  cell  lipoids. 
The  commencement  of  the  curve  with  low  narcotic  concentration 
indicates  the  condition  of  irritability  before  narcosis,  the  terminal 
limb  with  high  narcotic  concentration  means  death. 

What  has  been  said  here  of  benumbing  the  entire  body  mutatis 
mutandis,  applies,  for  the  individual  organs,  in  the  case  of  local  anes- 
thesia. Local  anesthesia  may  be  produced  by  all  sorts  of  substances  — 
by  very  dilute  caustics  (acids,  phenol),  by  distilled  water,  by  aniso- 
tonic  salt  solutions,  in  short,  by  all  substances  which  change  the 
turgor  of  the  cell  lipoids.  Practically  most  of  them  are  useless  be- 
cause the  first  portion  of  the  curve,  the  state  of  irritation  which  is 
expressed  by  pain  in  subcutaneous  injections,  is  too  prolonged;  in  the 
case  of  others,  because  the  segment  which  signifies  local  anesthesia  and 
which  lies  between  the  "irritation  limb"  and  that  of  permanent 
damage  is  too  short;  still  in  others,  because  an  irreversible  change  in 
the  cell  colloids  may  occur  even  with  the  smallest  doses,  or  other  cell 
colloids  suffer  too  much  in  sympathy.  Practically  only  such  anes- 
thetics are  utilizable  as  produce  only  a  reversible  change  in  the  turgor 
of  the  nerve  lipoids,  as  is  exemplified  by  cocain,  novocain  and 
anesthesin. 

It  is  not  difficult  to  range  the  other  methods  of  anesthesia,  such 
as  cold  and  the  production  of  anemia  in  this  scheme,  but  experimental 
confirmation  is  still  lacking. 

Colloid  research  also  offers  an  explanation  of  certain  by-effects  of 
narcotics.  [EVARTS  A.  GRAHAM  has  shown  that  the  toxic  action  of 
many  anesthetics  is  due  in  part  to  mineral  acids  formed  by  their 
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decomposition.  He  believes  that  delayed  chloroform  poisoning 
results  entirely  from  the  destructive  action  of  HC1  formed  in  the 
tissues  and  he  attributes  the  protective  action  of  glycogen  to  the 
fact  that  the  glucose  resulting  therefrom  inhibits  the  diffusion  of 
HC1  into  gels.  The  toxic  action  of  anesthetics  has  been  shown  by 
J.  A.  NEF  to  be  due  to  an  unsaturated  carbon  atom.  The  effect  of 
such  atoms  has  not  yet  been  discussed  colloid-chemically.  (Jour. 
Amer.  Med.  Assoc.,  Vol.  LXIX,  No.  20,  p.  1066  et  seq.}  quoted  by 
GRAHAM,  loc.  ciL) 

BUBGE  attributes  the  anesthetic  action  of  anesthetics  to  the  de- 
crease in  oxidation  processes  produced  by  the  destruction  of  catalase. 
The  specific  action  on  the  nervous  system  is  due  to  the  greater  solu- 
bility of  the  lipoids  of  nervous  tissue  facilitating  the  entrance  of  the 
narcotic  into  the  nerve  cell.  Science  N.  S.,  Vol.  XL VI,  No.  1199,  p. 
618  et  seg.  Tr.]  With  large  doses  of  morphine,  chloroform  and  ether 
we  observe  more  or  less  intense  phenomena  of  irritation,  especially  in 
the  kidneys,  before  the  general  circulation  is  much  disturbed;  album- 
inuria  and  hematuria  may  thus  occur.  MARTIN  H.  FISCHER  *  (see 
p.  333)  explains  this  by  the  disturbance  in  the  oxidation  processes  of 
the  body  which  suffers  from  such  substances  and  by  the  fact  that  as 
the  result  of  the  accumulation  of  C02  and  ultimately  of  other  acids, 
a  fixation  of  water  occurs  in  the  body  so  that  no  excess  of  water 
remains  for  excretion  by  the  kidneys.  Besides  the  anuria,  we  may 
thus  explain  the  thirst  which  such  patients  frequently  show.  Secre- 
tion of  urine  occurs  again  and  the  thirst  disappears  when  the  effect 
of  the  narcotic  wears  off,  even  though  the  patient  takes  no  water. 
Small  doses  of  ether,  alcohol,  etc.,  cause  the  reverse  phenomenon, 
since  by  increasing  the  activity  of  the  heart  they  bring  on  an  im- 
provement in  the  supply  of  oxygen.  By  this  means  not  only  a 
stronger  flow  of  blood  is  supplied  to  the  kidneys  but  the  "free" 
filterable  water  in  the  blood  is  increased,  provided  the  oxidation 
processes  are  still  uninjured. 

Colloid  research  seems  to  me  to  have  raised  new  questions  regarding 
investigations  of  the  effects  from  the  prolonged  use  of  alcohol. 
Though  the  larger  part  of  the  alcohol  ingested  is  seized  by  the  lipoids, 
we  cannot  neglect  the  effect  upon  the  albuminous  colloids.  At 
present  we  can  only  assume  that  it  causes  a  diminution  of  swelling. 
The  extent  of  the  relationship  between  the  degenerative  changes  of  the 
cells,  arteriosclerosis,  etc.,  and  of  this  action  of  alcohol  remains  for 
future  investigations  to  determine.  [W.  BURRIDGE  has  shown  that 
alcohol  increases  the  utilization  of  calcium  by  certain  cells.  Tr.] 
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Disinfection. 

By  disinfection  we  understand  the  killing  or  rendering  harmless  of 
dangerous  germs  outside  of  or  within  the  body.  Substances  which 
destroy  germs  living  on  foods,  without  being  very  harmful  to  higher 
organisms,  are  called  preservatives. 

For  simplicity  we  shall  first  consider  external  disinfection  by  chemi- 
cal means.  In  the  process  of  disinfection  a  distribution  of  the  dis- 
infectant between  the  organism  and  the  medium  first  takes  place.  This 
distribution  may  occur  either  in  the  manner  of  chemical  combina- 
tion, adsorption  or  in  accordance  with  HENRY'S  law.  In  the  two 
former  cases  it  is  conceivable  that  even  traces  of  the  poison  are  active, 
whereas  this  would  be  possible  in  HENRY'S  distribution  only  if  the 
substance  is  very  much  more  soluble  in  the  bacillus  than  in  its 
medium.  It  follows  from  the  ease  with  which  they  are  stained  that 
surface  attraction  is  of  great  importance  in  the  case  of  bacteria. 
And  in  fact  staining  arid  disinfection  are  distinguished  only  by  the 
fact  that  in  the  latter  instance  the  absorbed  substance  exerts  a  par- 
ticular poisonous  action  on  the  microorganism. 

If  for  the  present  we  consider  a  microorganism  only  as  a  small 
particle  without  special  chemical  properties  and  add  to  such  a  hypo- 
thetical emulsion  of  bacteria,  a  dissolved  substance,  this  substance 
would  by  reason  of  the  mere  surface  attraction  have  a  tendency  to 
concentrate  on  the  surface  of  the  bacteria  to  a  greater  or  less  ex- 
tent, depending  upon  the  nature  of  the  dissolved  substance,  i.e., 
the  more  strongly  the  given  substance  diminishes  the  surface  tension 
of  the  water,  the  greater  is  the  concentration  at  the  surface.1 
Most  bacteria  act  like  a  suspension  which  has  been  protected  by  a 
protective  colloid,  before  being  flocculated  by  neutral  salts;  they  are 
so  changed  by  boiling  or  by  agglutination  that  they  change  from 
hydrophile  to  hydrophobe  suspensions,  which  cannot  be  differentiated 
physically  from  kaolin  suspensions  or  the  like.  The  electric  charge 
is  that  of  an  inorganic  suspension,  i.e.,  negative;  it  is  discharged  by 
agglutinin.  All  these  questions  are  taken  up  in  detail  in  the  chapter 
on  "Immunity  Reactions. " 

As  the  dispersed  phase,  microorganisms  are  strongly  adsorbed  by 
substances  with  great  surface  development.  (See  Fig.  52.)  Be- 
cause of  this  adsorption,  they  are  readily  held  back  in  fine-pored 
filters  such  as  Chamberland  candles  (unglazed  porcelain),  Berkefeld 
filters  (Kieselguhr),  asbestos,  wadding  or  carbon  filters. 

1  This  conception  was  originally  developed  and  established  by  H.  BECHHOLD 
in  the  "International  Congress  for  Applied  Chemistry,"  London  (May  to  June, 
1909)  (see  Kolloid  Zeitschr.,  6,  22,  1909). 


392 


COLLOIDS  IN  BIOLOGY  AND  MEDICINE 


Besides  the  microorganisms  directly  visible  in  the  microscope, 
there  are  others  so  small  as  to  be  microscopically  invisible,  and  only 
recognizable  by  their  pathogenic  effects.  They  are,  therefore,  called 
ultravisible.  Among  these  are  about  forty  pathogenic  germs,  among 
others,  smallpox,  rabies,  measles,  scarlet  fever  and  the  mosaic  disease 
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FIG.  52.    (See  p.  402.) 

of  tobacco.  The  name  ultravisible  is  not  a  happy  one,  since  recently 
by  dark-field  illumination  there  have  been  recognized,  in  the  case  of 
many  infections,  minute  organisms,  which  we  are  justified  in  believing 
to  be  the  cause  of  the  diseases.  The  ultravisible  viruses  are  not  held 
back  by  ordinary  bacteria  filters;  recently  they  have  been  called 
filterable  microorganisms. 
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The  study  of  these  forms  of  life  is  difficult  because  of  the  lack  of 
technical  methods  for  their  investigation.  Besides  dark-field  illumi- 
nation, colloid  research  has  provided  two  methods  which  have  already 
led  to  important  advances:  these  are  ultrafiltration  and  adsorption. 
By  means  of  the  Chamberland  filter  the  solution  of  virus  may  be 
freed  from  visible  bacteria.  In  order  to  concentrate  the  filterable 
germs  and  make  quantitative  tests  with  them,  they  may  be  con- 
centrated on  an  ultra/filter,  as  was  done  by  BETEGH  with  hog  cholera 
virus,  PROWAZEK  and  GIEMSA  with  variola;  or  they  may  be  adsorbed 
on  charcoal  or  clay  (as  did  GINS  with  smallpox). 

I  believe  the  colloid  investigation  of  filterable  microorganisms  will 
yield  valuable  results,  since  they  form  a  transition  group  to  true 
colloids.  A  beginning  has  already  been  made.  Thus  ANDRIEWSKY 
has  shown  by  ultrafiltration  that  the  virus  of  chicken  cholera  is 
smaller  than  the  hemoglobin  molecule. 

It  has  been  repeatedly  observed  that  the  development  of  micro- 
organisms is  facilitated  by  the  presence  of  suspensions  or  hydrogels. 
Thus  KRZEMIENIEWSKI  found  that  a  pure  culture  of  nitrifying  bac- 
teria grew  more  luxuriantly  and  bound  more  nitrogen  if  earth  or 
humus  was  added  to  the  culture  medium  and  KASSERER  found  a 
similar  effect  from  the  addition  of  colloidal  silicates  and  phosphates 
of  iron  and  aluminum.  According  to  Ross  VAN  LENNEP  pieces 
of  kidney,  meat,  cellulose,  etc.,  improve  the  growth  of  aneorobic 
bacteria,  yeast  and  B.  coli.  We  thus  see  that  these  microorganisms 
on  purely  physical  grounds  find  much  more  favorable  conditions  for 
growth  in  their  natural  habitat  than  in  artificial  media.  In  some 
instances  it  was  possible  to  determine  the  reason  for  this  phenomenon. 
Thus  SOHNGEN*  and  also  Ross  VAN  LENNEP  showed  that  charcoal 
and  some  other  solids  favor  the  dissipation  of  carbonic  acid  which 
inhibits  the  growth  of  yeast.  In  other  instances  the  suspensions  or 
colloids  adsorb  oxygen  for  aerobic  bacteria,  nitrogen  for  nitrifying 
bacteria,  or  other  nutritive  ingredients  which  are  then  available  for 
growth  at  the  surfaces  of  the  respective  substances  (literature  given 
by  SOHNGEN  *)  .*  H.  FREUNDLICH  **  mentions  the  following  substances 
which  show  slight  adsorptive  affinity:  salts  (especially  of  the  baser 
metals),  highly  dissociated  substances  (such  as  strong  acids  and  bases), 
aggregations  of  OH  groups  (sugar)  and  the  sulpho  group.  As  a 

]  Though  it  is  shown  on  page  396  that  the  distribution  of  phenol  between 
the  bodies  of  the  bacteria  and  their  environment  occurs  as  it  would  in  two  sol- 
vents, it  does  not  by  any  means  contradict  what  has  been  said  here,  since  a  dis- 
infectant action  does  not  result  from  adsorption.  Disinfection  occurs  when  the 
disinfectant  penetrates  the  microorganism;  the  portion  which  has  penetrated 
may  very  well  comply  with  HENRY'S  law  (distribution). 
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matter  of  fact  but  few  disinfectants  are  furnished  by  the  inorganic 
acids  and  bases  and  by  the  salts  of  the  baser  metals.  Of  course  we 
do  not  include  such  concentrations  of  the  acids  and  bases  as  produce 
a  direct  destruction  of  the  organized  substance.  As  a  matter  of  fact, 
substances  containing  the  phenyl  group  are  our  most  useful  dis- 
infectants, such  as  carbolic  acid,  cresol,  naphthol,  anilin  water,  etc. 
H.  BECHHOLD  and  P.  EHRLICH*  by  combining  phenyl  groups 
(derivatives  of  dioxydiphenylmethan  and  o-diphenol)  obtained  sub- 
stances of  hitherto  unequalled  disinfectant  action  (with  the  exception 
of  sublimate,  etc.)  and  even  this  action  was  greatly  increased  by  [the 
introduction  of  halogens.  The  work  of  H.  BECHHOLD,*9  which 
introduced  into  practice  the  halogen  derivatives  of  naphthol  and 
dicresol,  disinfectants  of  great  activity,  establishes  the  breadth  of 
this  assumption. 

A  dilute  solution  of  alkalis  or  acids  is  the  normal  environment 
for  the  majority  of  microorganisms.  Although  the  majority  of  micro- 
organisms prefer  a  more  alkaline  nutriment  corresponding  to  the 
dearth  of  H  ions  in  the  animal  organism,  there  are  other  bacteria  and 
moulds,  for  instance,  lactic  acid  bacteria,  which  require  or  prefer 
an  acid  medium,  e.g.,  the  moulds  which  grow  on  acid  fruit.  From 
this  it  follows  that  when  acids  or  alkalis  injuriously  affect  a  micro- 
organism, the  specific  vital  conditions  of  the  microorganism  in  ques- 
tion have  been  unfavorably  disturbed  and  accordingly  it  is  impos- 
sible to  speak  of  a  general  injurious  action  of  H  or  OH  ions. 

Many  salts  of  the  heavy  metals  (e.g.,  silver,  mercury  and  copper 
salts)  are  disinfectants.  Their  strong  adsorptive  power,  in  which 
sublimate  excels  all  others,  was  demonstrated  by  P.  MORAWITZ.* 

Adsorptive  capacity  is  only  a  condition  preliminary  to  the  exercise 
of  specific  toxic  action.  It  is  generally  accepted  in  the  case  of  salts 
of  the  heavy  metals  that  this  toxic  action  depends  on  the  forma- 
tion of  albuminates.  I  am  at  present  engaged  in  the  explanation  of 
these  phenomena  and  I  am  already  in  a  position  to  state  that  adsorp- 
tion is  by  no  means  the  most  important  factor. 

Finally,  there  are  among  the  inorganic  salts,  substances  with 
specific  activity,  e.g.,  the  fluorids,  thallium  carbonate,  sulphurous 
acid  salts,  boric  acid,  etc.  We  know  of  no  disinfectants  among  the 
sugars  or  their  related  substances  (e.g.,  glycerin).  P.  EHRLICH  and 
H.  BECHHOLD  *  as  well  as  H.  BECHHOLD  *9  have  shown  in  the  case  of  a 
large  number  of  aromatic  compounds  that  the  introduction  of  sulpho 
groups  into  a  disinfectant  considerably  diminishes  its  activity. 

Adsorption  in  water  according  to  H.  FREUNDLICH  *l  is  favorably  influ- 
enced by  the  phenyl  group  and  the  halogens.  This  author  mentions 
as  an  example  chlorbenzoic  acid  (X  =  154),  benzoic  acid  (X  =  140). 
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Microorganisms. 

Microorganisms  occur  more  or  less  densely  in  their  media  as 
millions  of  minute  dots,  rods  or  threads.  They  constitute  a  dis- 
persed phase  and  as  such  obey  the  physical  laws  to  which  all  suspen- 
sions are  subject.  Collectively  they  possess  an  enormous  develop- 
ment of  surface;  and,  consequently,  surface  attraction  especially 
influences  those  substances  that  are  dissolved  by  them  (in  other  words, 
more  as  the  substance  diminishes  the  surface  tension  of  water). 

Should  our  assumption  that  adsorption  plays  an  essential  part  in 
disinfection  be  correct,  then  the  same  substance  will  be  a  much  better 
disinfectant  in  aqueous  solution  than  when  dissolved  in  alcohol  or  in 
acetone.1  This  assumption  is  sustained  by  such  investigations  as 
have  been  undertaken.  According  to  ROBERT  KOCH,  anthrax  spares 
were  not  destroyed  by  the  application  for  100  days  of  5  per  cent  car- 
bolic acid  in  oil  nor  by  5  per  cent  carbolic  acid  in  alcohol  for  70  days, 
whereas  they  were  destroyed  after  48  hours'  exposure  to  5  per  cent 
aqueous  solution  of  carbolic  acid.  Anthrax  baccilli  were  of  undimin- 
ished  virulence  after  2  days7  treatment  with  5  per  cent  carbolic  acid  in 
oil,  whereas  1  per  cent  aqueous  solution  killed  them  in  2  minutes. 
Moreover,  according  to  REICHEL,*  the  distribution  of  the  phenol 
between  albumin  and  the  oil  (as  compared  with  water)  is  in  favor  of 
the  oil. 

According  to  the  researches  of  PAUL  and  KKONIG,  as  well  as  those 
of  SHETJRLEN  and  K.  SPIRO,  phenol  acts  in  disinfecting  as  a  molecule 
and  not  as  an  ion.  Sodium  carbolate  which  is  strongly  dissociated 
has  a  much  weaker  action  than  phenol.  Phenol  is  less  dissociated 
in  alcohol  than  in  water,  so  that  if  it  were  merely  a  question  of 
dissociation,  phenol  should  be  a  better  disinfectant  in  alcoholic  than 
in  aqueous  solutions.  As  is  shown  by  the  following  data  taken  from 
PAUL  and  KRONIG'S  paper,  the  facts  are  quite  the  reverse.  Anthrax 
spores  were  treated  with  the  disinfectant,  according  to  the  marble 
method,  and  then  sown  on  agar;  the  resulting  colonies  were  counted. 

Number  of 
colonies. 

4  per  cent  carbolic  acid  in  water 1505 

4  per  cent  carbolic  acid  in  alcohol °° 

We  thus  see  that  in  disinfection  adsorbability  from  water  is  more 
important  than  solubility. 

1  In  disinfecting  the  hands  and  skin,  alcohol  and  alcoholic  solutions  and  even 
acetone  are  almost  exclusively  used,  though,  entirely  different  factors  are  of  im- 
portance in  determining  their  use  (better  capacity  to  wet  the  fatty  epidermis,  the 
shrinking  action  of  alcohol  and  deeper  penetration  into  the  capillary  spaces  of  the 
skin  (BECHHOLD)). 
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C/r.w/  is  less  soluble  than  phenol  and  is  a  stronger  di>infcct:tnt  than 
the  hitter,  Its  solubility  in  water  is  so  limited  that  it  must  he  dis- 
solved with  the  ait!  of  soups  and  similar  substances,  Hurst*  an*  not 
true  solutions;  they  HIT  manifest  emulsions  in  the  dark  field  I  FHF.I 
and  MAKUADANT).  It  is  still  an  ojx*n  question  whether  the  eft'eet  on 
bacteria  in  exerted  by  an  envelopment  by  tin4  individual  ere*t»l  soap 
droplets,  thus  forming  about  them  n  highly  concentrated  disinfectant 
film.  Another  possibility  is  that  tin*  bacteria  withdraw  dissolved 
cresol  from  their  environment,  and  I  hut  eresol  diffuses  from  the 
droplets  to  an  equal  extent  into  the  water, 

A  group  of  disinfectants  art*  active  even  in  n  dilutittn  in  whieh  the 
Hubstatuu*  is  no  longer  c*heniit*ully  dt^iutinst  ruble.  Aeeurtling  to  It, 
Koru,  iutc»rfVn*nre  with  tfit*  growth  t»f  anthrax  baeilli  is  ruiinrd  by 
Hul)liniat(»  evtnt  in  a  dilution  of  I  :  tMMMMKJ,  According  to  II,  lltaii- 
HOU>  and  F,  Kuutacu  *  tetraehli>r-<H<lipheiuil  ititerferes  with  the 
growth  of  diphtheria  barilli  in  a  dilution  of  1  :  -KMMXMI  to  I  :  fHII»l«ML 
According  to  II.  BK<*wu»u>,*9  tribrom^naphthol  iiifiil»it,H  ftp*  growth 
of  staphylococci  in  a  dilution  of  1  :  'jritMKK).  We  can  understand  flu* 
effect  of  Huch  trac*t\s  of  substances  if  we  ci»nj*ider  the  cotirse  of  flit* 
ailnorption  curve  (set*  p.  20)  in  whieh  the  distribution  In-tweeii  iid- 
Borbent  and  solvent  occur*  in  such  a  wa\-  that  the  tli^nlvrd  mib- 
Btance  in  practically  completely  adsorbed  in  the  weaker  roneentra- 
tion,  wherein  in  higher  cuncentratitins  tin*  distribution  approache* 
that  rec|iiired  liy  HKKIIY'H  law  (between  two  ^ttvetits). 

The  objection  may  tie  raininl  that  the  same  coiuitttotts  an*  fulfilled 
in  a  purely  chemical  combination,  to  which  wo  mny  reply  that  in 
many  inntanctttt  Huch  a  clit*iniai.l  ccunbitiatioti  IH*  rtni^idrrrd  In 

occur. 

In  favor  of  w/Mr/tf/wi,  them  are  two  dtntinet  phencttnena, 
and  dmth*    By  chocming  a  Muitnble  ttiHinfectnnt  in  mifliiintl  etinceu- 
tration  and  oxiH>Hurt»»  micrtwrgmuHms  tuay  l««  cutuplet«»ly 
w,  they  cannot  under  any  rirruinHtiinrfH  be  to  lifr.     In 

other  fiweH,  it  in  only  nt*ci*amry  to  remove  tin*  disinfect  nut,  to  dilute  it 
or  to  traunft^r  the*  germ*  to  another  environment*  fur  the  to 

multiplying  again;  «uch  action  ts  called  inhilrithw.     In  n 

we  must  aHHUtnt*  that  the  reaction  between  micrtjorgiuitHftt  and  i 
infcctant  i«  rMvrxihlt*.     In  killing,  the  proc<*H*          lie  irnrtr#iltt*\l 


1  I  can  nwiily  tmitgmt*  that  t|t*ittli  inny  iwrtir  in  n  nn*»*r«it»I»*  jir»»i't*A»  if  ih«* 

action  of  fhi*  dutinfiTtant  jn*wkfii  ft»r  a  !iiiffic*it*iit  «if          t«i  i*flirr 

vital  proei*fti4<»«,    T(»  gtvi*  a  vt»ry  mull*  rfiiiifiiir^iti,  if  n  in  flrnwim!,,  thi* 

water  cannot  bit  regard**!  IIM  a  fmtitim  thtuiglt  if  viinl  |ir«r- 

A  man  who  eamtot  In*  ri»«iwll!i|,«l  afti*r  a  «itiiint^iiii4  »ri  liiiitiil** 

htm  fixed  no  more  water  in  bin  Ixniy  tbnu  emu  win*  IIM  2 
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If  the  disinfectant  were  a  firm  combination  with  the  microorganism 
it  would  he  difficult  to  explain  how  the  germ  could  multiply  again 
when  removed  from  the  disinfectant  solution.  This  is  readily  under- 
stood if  we  assume  that  the  union  between  microorganism  and  dis- 
infectant is  an  adsorption.  In  that  case  the  disinfectant  will  pass 
into  the  absolutely  indifferent  solvent  so  that  the  microorganism 
having  become  free  again  (from  the  disinfectant)  is  in  a  condition  to 
continue  its  development. 

A  few  examples  will  explain  the  foregoing.  R.  KOCH  performed 
certain  experiments  in  the  following  way:  he  dried  germs  on  silk 
threads  and  subjected  them  for  a  given  time  to  a  disinfectant  solu- 
tion; after  this  he  placed  them  in  nutrient  bouillon  or  in  gelatin; 
if  the  germs  developed,  he*  considered  that  the  disinfectant  was 
active;  if  they  did  not,  that,  it  was  inactive.  In  this  way  E.  KOCH 
subjected  anthrax  s|X)r<»s  fen*  two  days  to  f>  per  cent  carbolic  acid  and 
found  that  afterwards  they  did  not  develop  in  gelatin.  B.  RIBDEL, 
in  the  Imperial  Health  Office,  found  that,  even  after  14  days  of  im- 
mersion in  5  per  cent  carbolic  acid,  the  germination  of  anthrax  spores 
wan  not  inhibited  if  the  silk  threads  were  first  washed  with  water 
and  then  placed  in  fluid  gelatin;  the  gelatin  and  silk  threads  were 
thoroughly  mixed  by  prolonged  agitation  of  the.  test  tube. 

According  to  II.  KOOH,  a  single  immersion  of  anthrax  spores  in 
I  :  5000  sublimate  solution  suffices  to  destroy  them.  J.  OMPPEKT* 
found  that  the  same  concentration  acting  four  seconds  longer,  on 
one  trial,  produced  their  death  and  on  another  did  not.  Among 
oountlcss  experiments  on  this  point  we  shall  mention  those  of  EISEN- 
UKitt}  and  OKOLHKA  because  of  the  method  they  employed. 

They  mixed  uniform  quantities  of  disinfectant  and  bacteria,  some- 
times adding  the  entire*  quantity  of  bacteria  at-  once,  and  sometimes 
in  fractions.  If  the  phemmietum  is  reversible,  the  results  in  both 
cases  should  be  the*  same;  if  it  is  irreversible  there  should  be  a  point 
in  the  fractioning  experiment  when  the  disinfection  should  prove  less 
satisfactory.  AH  was  to  be  expected  from  other  considerations,  the 
action  of  phenol  proved  to  lie*  reversible  and  that  of  KMnO*  and 
HgCla  to  be  partly  irreversible  (in  these  instances  the  time  of  action 
was  an  important  factor). 

Numerous  experiments  have*  been  performed  in  an  attempt  to  test 
quant  Hat  I  ret  i/  the  views  given  here1;  the  results  actually  satisfy  the 
hypothesis  in  some  instances.  An  exact  agreement  between  obser- 
vation and  calculation  is  not  to  be1  expected  because  in  disinfection 
adsorptiem  in  not  the  only  factor,  though  it  is  chiefly  accountable 
for  the*  action  of  the  dinmfeetnnt  cm  tin*  microorganism  (lipoid  solu- 
bility, modification  of  protoplasm,  etc.). 
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The  question  of  adsorption  may  be  solved  in  one  of  two  ways 
which  I  shall  call  respectively  the  chemical  and  the  biological 
methods. 

The  chemical  method  regards  the  microorganisms  as  a  lifeless  sus^ 
pension.  Suspensions  are  shaken  with  various  known  dilutions  of 
the  disinfectant,  and  after  the  suspension  is  removed  the  amount  of 
disinfectant  remaining  in  the  fluid  is  chemically  determined.  From 
this  we  learn  how  much  has  been  absorbed  by  the  microorganism  in 
the  various  dilutions.  It  is  the  same  method  that  is  usually  employed 
in  chemical  adsorption  experiments.  It  may  be  criticized  because  it 
determines  the  amount  of  disinfectant  absorbed  by  the  microorganism 
but  not  the  result  of  the  adsorptive  action,  the  disinfection.  From 
a  concentrated  solution  much  more  disinfectant  is  removed  than  is 
necessary  for  killing  or  inhibition. 

R.  0.  HERZOG  and  BETZEL*  employed  the  chemical  method,  with 
yeast  as  the  microorganism.  They  obtained  an  adsorption  curve 
for  chloroform  and  silver  nitrate  and  a  chemical  combination  for 
formaldehyd.  The  results  are  interesting  inasmuch  as  chloroform 
obviously  acts  by  reason  of  its  lipoid  solubility;  I  question  whether 
the  precipitation  of  albumin  by  silver  nitrate  is  the  only  factor  which 
determines  its  disinfectant  action.  The  result  for  formaldehyd  is 
especially  surprising;  its  powerful  inhibitive  action  on  development 
is  well  known,  however  its  lethal  action  was  discovered  to  be  much 
weaker.  We  shall  await  with  great  interest  the  further  prosecu- 
tion of  HERZOG'S  experiments  which  promise  an  explanation  of  some 
of  the  questions  proposed.  The  results -with  phenol  are  quite  compli- 
cated. According  to  REICHEL,*  in  an  aqueous  solution  of  phenol 
there  is  a  distribution  in  accordance  with  HENRY'S  law,  i.e.,  as  if  it 
were  distributed  between  two  solvents.  This  was  demonstrated  by 
REICHEL  *  in  the  distribution  of  phenol  between  water  and  oil,  albu- 
min, cholesterin  and  the  bodies  of  bacteria.  This  explains  why  phenol 
is  active  only  in  relatively  high  concentration.  Increasing  NaCl  con- 
tent shifts  the  relative  distribution  in  the  direction  of  the  nonaqueous 
phase.  According  to  REICHEL  the  disinfectant  action  depends  on 
the  fact  that  phenol  causes  a  shrinking  of  the  albumin  phase;  this  is 
strengthened  by  the  NaCl.  In  this  way,  the  views  developed  by 
K.  SPIRO  and  J.  BRUNS  *  are  revived  in  modified  form. 

R.  Q.  HERZOG  and  BETZEL  obtained  an  adsorption  curve  on  treat- 
ing yeast  with  a  phenol  solution  weaker  than  one  per  cent.  These 
contradictory  results  may  probably  be  explained  by  the  primary 
adsorption  of  the  phenol  at  the  surface  of  the  bacterial  cell  which 
then  in  some  way  absorbs  it  until  the  body  of  the  bacterium  is 
filled.  This  I  infer  from  the  experiments  of  E.  KUSTER  and  ROTHAUB 
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who  show  that  upon  the  death  of  the  bacteria  a  part  of  the  phenol 
is  li  Iterated. 

The  Irinluyical  method  regards  the  rapidity  of  death  (measured  by 
the  number  of  surviving  bacteria)  in  known  concentrations  of  the 
disinfectant  and  during  a  known  time  for  action.  In  this  case,  the 
changes  in  eoneeut  ration  by  means  of  the  adsorbing  microorganism 
are  not  considered,  as  in  the  chemical  method,  but  only  the  damage 
to  flu*  microorganism.  The  method  assumes  that  "the  rate  at  which 
I  he  solution  of  a  substance  acts  as  a  disinfectant  is  proportional  to  the 
amount  adsorbed  from  this  solution"  (MoitAwrrz*).  This  method 
also  is  open  to  the  objection  that  microorganisms  are  not  a  single 
mass  with  uniform  vitality  but  a  mixture  in  various  stages  of  growth 
and  with  varying  resistance;  so  that  it  is  possible  that  the  curves 
obtained  do  nut  represent  the  course  of  an  adsorption  in  various 
concentrations,  but  express  the*  resistance  at  various  stages  of 
growth. 

These  criticisms  are  offered  to  show  the  difficulties  encountered 
in  an  experimental  test. 

We  may  count  in  this  group,  also,  the  experiments  in  which  an 
insight  into  tin*  mechanism  of  disinfection  may  be  obtained,  by 
varying  tit**  number  of  bacteria  with  known  changes  in  the  concen- 
tration of  the  disinfectant  acting  for  a  constant  time  (EISENBBRG, 


As  a  result  of  htnloytcal  methods,  PAUI,,  BOISTIOIN  and  RBUSS  *  came 
to  the  conclusion  that  the  death  of  dried  adherent  staphylococci  in. 
oxygen  or  in  mixtures  of  oxygen  and  nitrogen  is  due  to  the  adsorption 
of  oxygen  by  the  cocci. 

P,  MouAWtr/1  (!<H\  cit.)  found  a  good  agreement  between  the 
figures  obtained  by  KUONIU  and  PAXIL,  upon  killing  anthrax  spores 
with  sublimate  and  the  formula  for  adsorption. 

Accordingly!  we  learn  from  the  quantitative  tests  that  the  dis- 
tribution of  a  disinfectant  between  microorganism  and  solution 
may  possess  t  he  /w/M/frj  of  a  chemical  combination  (formaklehyd)  of 
adsorption  (chloroform,  stiver  nitrate.*)  and  of  distribution  in  solvents 
in  wTorduwr  with  HKNUY'H  law  (phenol).  In  the  following  pages 
we  nliiill  we  that  transitions  between  these  different  kinds  of  distri- 
bution occur. 

It  would  eertfilnly  be  an  error  to  regard  distribution  as  the  essential 
factor  in  disinfection.  AH  a  result  of  adsorption  the  germ  is  sur- 
roimded  by  a  highly  concentrated  film  of  disinfectant  whose  action 

}  Thin  rult'tiintion  w  n*fiwcl  to  in  tho  communication  of  IT.  F  HE  irNDMcrr  which 
i*  ftfi'tiijiitirtt  in  flu*  JIHJMT  of  II.  UwHHou)*  on  Disinfection  and  Colloid  Chem- 
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destroys  It  mueh  Miuiit  r  than  u«  !iS4  K  *  \,»  *  k*  «i  II..IH  tut  «  \ti»i,, 
dilute  solutions!  mplt»y« «!;  t!!»  *«r"Mnt,uu    ill    *ii  ">f*r»,uit  m  Mr»j 
media  or  in  au  iutVrtnl  int>;n"  as  ,u»'!    *ah      i'»  »*   <<  ,«\     ';»vi;.j»|, 
to  tJh«Mla!Wl#*  tin*  *!' 'inttrtuW  iHJi«'f    ,      \\  *    itr,  *     » »  *fc  f|44    ,       f  ^ 
activity  tf  Ihc  tli^infnim.f  n,  ;i  ,u«»ltl,«  it*»  a  «»!  «}.»    l^;i,>     nf,  »aJ4t. 
with  whit:h  tin*  ih^itfi  «'taj/t  rt»uil*«:jf     ii     Lii^i       n  t|laf   Zl     m4 
fimrtion  is  ^HHjiiinirtL 

I  know  of  no  i^|ii«riiiiritt:il  m\«   fif  itiMii .  \,}'ir!»    ! .,  ^   -  J,>*   »<f  /  O 
th<»  clismftvt&ut  iv  rmii/i  ?>*>/    d\^l     is>^  '^,  »*  ^**    s       >       i«  ?  fi,Mj;v» 
Huch  studu»s  lift4  vt*r\  «Ii'Nii,ilft»'  «    ffn  %   .**»tj';    /*  4i*i  ,fc    «!4.ii*i  »i 
night  into  the*  tufurv  t»f*  »li  nih»  h»*<     j  4  t'1  ^  ,  n»,t;'    .,1  ,4  !  f    t!  ^ri%s| 
praotiral  Htg!i!ficf:iiP*i ,     tor  f'»    j»j»  «M    4*    *n  »  *    »<      ^i«  ,,n   A|!i 
lutabgii^  whit'It  i\i|tsti?4«    jt;i*fi»»i    *  ,1,  i«     ]  p>    i    ^. !,.,f  \   |  »  ?jt 
principle  of  ili^inif  i  tin!!     <'*m»i.vM*    *   »    *  '*i?'4i^i?i»    ^  .w 
much  Hiittilarify  t«*  t»At»!«   !**ri  ,  *  i^»i\  »      .M.    v  ».  i    r  ,j    ,\    f 
mention  only  tin4  ^n*nf    itiifi^1*   is*    i  ,     i,  r    %     n  -    Mo^*«fU 

eiwploy  in  iirgiiiiiiiit  Ih*  M  uff  »»f  \\  N.  .  1 1 1  /  t  if,  *tot<  j  rfn 
of  flt«»r  with  *>fl  rr,  y|  a  nh  (,i  ui1*  M«IJ*.  f!,  ^^^  ,fr  J  ,«»  ,  »-«  i?f  jf 
am!  fount  i; 


Fruit  Iwir*  «f  t<rti«Irti<ir*ifi  *  i  ,!t,» 

Jilt**  .         .   .  1     !•.«! 


WlM.il,      ,      , 

Frtiiti  f'ttt*ff  ttrir  ryunifl  I • 

^  il^i: 
Fruit          til 


FrtMti  itii'Wirii*  |!f 

:j!lgj:    t  "j 

I'  friilt  i 

S..:,:,;::  .                  \ 

wm,i,  ..:.;..  .              j 


*  that  ifi  flu-  ra*i  nf   .tihlun'if.    -J  1  ^at  •  -  i   (f       «•    ,,,,,  V4,»f 
l;iiitiiii(H'<  mi,  f  ir^d      \;  44%.       ,  ti         ,     t  J 
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weak  destructive  action.  According  to  K.  SPIRO  and  J.  BRUNS,*  as 
well  as  PAUL  and  KRONIG,  the  figures  show  that  mercuric  cyanid  is 
far  inferior  to  sublimate  as  a  disinfectant. 

We  see  from  the  table,  moreover,  in  the  case  of  mercuric  acetate, 
which  is  more  strongly  fixed  and  more  strongly  adsorbed  than  HgCl2; 
that  fixation  and  adsorption  are  not  in  themselves  alone  sufficient  for 
strong  disinfection;  the  disinfectant  must  be  offered  in  a  suitable 
form.  Mercuric  actetate  is  less  ionized  than  HgQ2,  and  since, 
according  to  PAUL  and  KRONIG,  as  well  as  SCHEURLEN  and  SPIRO,  the 
Hg  ion  is  responsible  for  the  disinfectant  action,  mercuric  acetate  is 
weaker  than  sublimate. 

An  especially  convincing  proof  of  the  specific  chemical  action  of  the 
disinfectant  on  the  living  substance  seems  to  me  to  be  that  there  is  a 
difference  in  the  resistance  of  various  groups  of  bacteria  to  disinfect- 
ants. Whereas  anthrax  spores,  tubercle  bacilli,  etc.,  show  an  enor- 
mous resistance,  cholera  vibrios,  gonococci  and  streptococci  succumb 
to  even  slight  chemical  attacks.  The  other  groups  of  bacteria  are 
ranged  between  these  two  extremes  —  typhoid,  B.  coli,  staphylo- 
cocci,  diptheria  bacilli,  etc. 

Were  merely  the  strength  of  adsorption  responsible  for  the  disin- 
fectant action,  we  could  readily  understand  that  substances  of  differ- 
ent disinfectant  power  would  exist;  we  would  understand  for  instance 
that  cresol  has  a  stronger  action  than  naphthol,  but  in  that  case  cresol 
would  always  possess  a  stronger  action  than  naphthol ,  both  on  B.  coli 
and  on  typhoid  bacilli,  as  well  as  on  streptococci.  If  we  found,  how- 
ever, that  lysol  was  more  active  against  one  microorganism  and  that 
/3-naphthol  was  more  active  against  others,  we  could  attribute  the 
action  to  general  physical  properties  among  which  we  might  include 
adsorption,  but  we  would  then  have  to  ascribe  it  to  the  difference  in 
behavior  caused  by  specific  inherent  chemical  differences  in  the  bac- 
teria affected.  This  might  be  either  a  variation  in  the  solubility 
of  the  bacterial  pellicle  or  a  variation  in  the  grouping  of  the  atoms 
in  the  body  of  the  bacteria  so  as  to  manifest  a  greater  or  less 
affinity  to  the  disinfectant;  in  either  case  the  important  factor  is 
the  chemical  difference  in  the  microorganism.  Such  cases  actually 
exist  as  has  been  demonstrated  by  H.  BECHHOLD.*9  He  showed 
that  the  minimal  lethal  dose  in  24  hours  is: 


pared) 


Diphtheria  bacilli. 

B.  coli. 

(the  cresol  content  being  com- 

1  :  20,000 

1:800 

hthol                    

1  :  10,000 

1  :  8000 
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In  accordance  with  this,  lysol  acts  twice  as  powerfully  against 
diphtheria  bacilli  as  does  /3-naphthol,  whereas  it  has  only  one-tenth 
the  effect  of  the  latter  on  B.  coli.  He  showed  further  that  a  mixture 
of  tri-  and  tetrabrom-/3-naphthol  in  one  per  cent  solution  killed  staphy- 
lococci  in  from  two  to  three  minutes,  whereas  lysol  dilutions  containing 
one  per  cent  cresol  took  more  than  ten  minutes  to  do  so.  Conversely, 
a  5  per  cent  lysol  solution  containing  2.5  per  cent  cresol  is  lethal 
for  tubercle  bacilli  within  four  and  a  half  hours,  whereas  a  solution 
of  tri-  and  tetrabrom-/3-naphthol  of  corresponding  strength  had  no 
effect  even  at  the  end  of  twenty-four  hours.  We  see,  therefore, 
that  tri-  and  tetrabrom-/3-naphthol  surpass  cresol  in  its  action  upon 
streptococci,  while  upon  tubercle  bacilli  the  cresol  acts  more  power- 
fully. H.  BECHHOLD  *9  examined  naphthols  containing  1,  2,  3  or  more 
bromin  or  chlorin  atoms  with  reference  to  their  effect  on  various 
bacteria.  He  found,  that  with  the  admission  of  the  halogens  the 
effect  upon  various  bacteria  sometimes  increased,  that  at  times  it 
decreased,  and  that  certain  optima  could  be  obtained  (see  Fig.  52  on 
page  392).  Thus  the  maximum  disinfectant  action  against  staphy- 
lococci  is  obtained  with  tri-  and  tetrabrom-^-naphthol,1  while  for  B. 
paratyphoid  it  is  obtained  with  dibrom-/3-naphthol  and  so  on.  EISEN- 
BERG  has  recently  determined  partly  specific  activities  for  a  large 
number  of  coal-tar  dyes. 

It  follows  from  this  that  to  test  an  antiseptic  on  only  one  kind  of 
bacteria  is  an  absolutely  inadequate  method  for  testing  disinfectants; 
it  is  necessary  to  subject  a  number  of  different  types  of  bacteria  to 
investigation. 

The  presence  of  a  third  substance  is  a  factor  in  the  action  of  a 
disinfectant  that  cannot  be  neglected.  We  have  already  called  at- 
tention on  page  383  to  the  influence  of  the  solvent.  To  PAUL  and 
KRONIG,  as  well  as  to  SCHETJRLEN  and  SPIRO,  belongs  the  credit  of 
having  made  clear  the  significance  of  electrolytic  dissociation  for 
disinfectant  action.  Dissociation  may  be  increased  or  diminished 
by  adding  certain  substances  to  the  disinfectants.  The  ionization 
of  HgCl2  is  decreased  by  the  addition  of  NaCl,  and  since  it  is  the  Hg 
ion  which  is  of  importance  in  disinfection,  the  addition  of  common 
salt  diminishes  the  disinfectant  action  of  sublimate.  On  the  other 
hand,  the  disinfectant  action  of  carbolic  acid,  cresol  and  the  other 
phenols  is  decidedly  increased  by  common  salt.  Since  NaCl  can 
have  no  effect  on  the  electrolytic  dissociation  of  phenols,  we  must 
seek  some  other  explanation.  Again,  the  nearest  comparison  must 

1  Tribrom-0-naphthol  is  sold  under  the  trade  name  "  providoform  "  by  the  Pro- 
vidogesellschaft  (Berlin)  and  has  proven  useful  in  connection  with  the  pus  cocci 
and  diphtheria  bacilli. 
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be  drawn  from  the  process  of  dyeing;  common  salt  or  sodium  sul- 
phate is  frequently  added  in  dyeing  cotton  in  order  to  get  a  more 
rapid  and  complete  utilization  of  the  bath.  The  simplest  explana- 
tion of  this  is  that  there  has  been  diminution  in  the  solubility  of  the 
dye  by  means  of  the  added  salt  (i.e.,  the  dye  is  made  more  colloidal) 
and  as  a  result  of  this  a  stimulation  of  adsorption  occurs.  This  idea 
guided  SPIRO  and  BRUNS  *  in  their  experiments.  They  found  that 
salts  and  other  substances  which  did  not  "salt  out"  phenol  from 
aqueous  solutions,  such  as  sodium  benzoate,  urea,  glycerin,  etc.,  had 
no  effect  in  strengthening  the  disinfectant  action  of  phenol.  Pyro- 
catechin  may  be  precipitated  by  ammonium  sulphate  but  not  by 
common  salt;  the  former  increases  the  disinfectant  action  of  pyro- 
catechin,  while  the  latter  does  not.  It  is  also  interesting  that 
according  to  PAUL  and  KRONIG  equimolecular  quantities  of  salts 
added  to  a  4  per  cent  carbolic  solution  increases  its  action  in  the  fol- 
lowing order:  NaCl  >  KC1  >  NaBr  >  Nal  >  NaN03  >  C2H3ONa. 
According  to  SPIRO  and  BRUNS,*  the  same  order  obtains  for  the 
precipitating  action  of  these  salts  on  phenol;  however,  the  sulphates 
exert  a  much  more  powerful  effect.  The  close  relationship  of  this 
series  of  salts  to  albumin  precipitation  and  to  many  other  biological 
processes  is  quite  obvious  (see  pp.  81  and  272).  FREI  and  MARGA- 
DANT  have  determined  similar  relations  between  both  the  increased 
activity  of  cresol  soap  solutions  by  salts  of  the  light  and  of  the  heavy 
metals  as  well  as  the  decreased  surface  tension  induced  by  such  salts. 

We  may  imagine  that  there  is  yet  another  possible  way  for  salts 
or  other  substances  to  exert  an  influence  by  their  mere  presence. 
H.  BECHHOLD  and  ZiEGLER*2  showed  that  the  permeability  of  jellies 
was  influenced  by  certain  substances,  and  from  this  we  may  assume 
that  the  permeability  of  the  bacterial  plasma  pellicle  for  a  disin- 
fectant may  be  changed  by  the  presence  of  a  third  substance. 

This  assumption  is  reinforced  by  experiments  of  EISENBERG  and 
OKOLSKA  which  showed  that  alcohol,  alkalis,  urea  and  some  other 
substances,  which  increase  the  permeability  of  jellies,  also  increase 
the  disinfectant  activity  of  many  antiseptics. 

In  practice  the  conditions  are  complicated  enormously.  We  are 
no  longer  concerned  with  the  distribution  of  the  disinfectant  between 
solvent  and  microorganisms  but  organic  substances  are  added 
(sputum.,  albumin,  feces)  so  that  we  have  the  sums  of  unknown 
factors  which  can  only  occasionally  be  resolved.  The  action  of  a 
disinfectant  is  usually  much  depressed  by  organic  matter.  This  is 
also  the  reason  why  disinfection  of  the  organism,  an  internal  disinfec- 
tion or  antisepsis,  has  so  seldom  been  accomplished  by  chemical 
means.  There  are,  indeed,  substances  so  slightly  toxic,  that  men  or 
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animals  may  take  the  dose  theoretically  necessary  to  disinfect 
the  body,  for  instance,  tetrabrom-o-cresol  and  hexabromdioxydi- 
phenylcarbinol  which,  according  to  H.  BECHHOLD  and  EHRLICH, 
stop  the  development  of  diphtheria  bacilli  in  bouillon  at  a  dilution 
of  1  :  200,000.  In  the  organism  they  have  no  effect  at  all,  in  spite  of 
the  fact  that  there  may  be  introduced  into  the  body  without  harm, 
doses  which  are  one  hundred  times  that  necessary  to  inhibit  the 
development  of  the  bacteria  in  vitro  or  to  kill  them  within  twenty- 
four  hours.  Tetrachlor-o-diphenol  behaves  similarly;  it  inhibits 
development  of  diphtheria  bacilli  in  dilutions  of  1  :  400,000  to 
1  :  640,000.  Individual  colonies  still  grew  in  a  serum  culture  in  the 
presence  of  the  chemical  at  a  dilution  of  1  :  10,000.  We  might 
question  whether  the  result  was  due  to  favorable  vital  conditions  in 
serum  removed  from  a  living  organism  or  to  other  causes.  Experi- 
ment proved  the  latter  view  correct.  By  ultrafiltration  the  free 
tetrachlor-o-diphenol  was  "separated  from  the  fraction  bound  to 
serum  colloids  and  it  was  found  that  87.5  per  cent  of  the  disinfectant 
had  been  fixed  by  the  serum  colloids. 

The  relatively  simple  conditions  in  the  disinfection  of  skin  and  hands 
are  especially  instructive.  The  hands  adsorb  solid  particles  from 
the  air  and  particles  of  dirt  and  bacteria  from  dirty  water  (H.  BECK- 
HOLD).  Upon  washing  with  soap  these  particles  are  surrounded  by 
fatty  acids  or  fatty  acid  alkali  hydrolytically  split  off  and  cease  to 
cling  to  the  hands.  A  priori  we  might  conclude  that  there  would  be 
a  diminution  in  germs  or  disinfection  associated  with  the  cleaning  of 
the  hands;  indeed,  it  was  shown  by  earlier  investigators  and  recently 
by  H.  REICHENBACH  that  soaps  possess  considerable  germ-killing  action. 
I  was  able  to  prove  that  there  exists  absolute  parallelism  between 
the  detergent  and  the  disinfecting  action  of  soaps.  It  is  impos- 
sible to  disinfect  the  hands  with  soap  in  any  practicable  time 
(10  minutes),  though  this  can  be  readily  accomplished  with  alcohol 
and  alcoholic  solutions.  According  to  H.  BECHHOLD,  the  reason  is 
that  alcohol  with  its  low  dynamic  surface  tension  readily  enters  the 
capillary  interspaces  of  the  bare  hand  where  the  bacteria  are  lodged, 
bub  aqueous  solutions,  on  the  contrary,  enter  them  very  slowly. 
This  can  be  readily  discovered  by  the  difference  in  the  distance  they 
ascend  in  strips  of  filter  paper. 

[As  the  result  of  trench  warfare  the  study  of  antiseptics  in  the 
treatment  of  wounds  has  received  intensive  study.  Antiseptic  sur- 
gery has  been  revived.  CAKREL  and  DEHELLY  have  elaborated  a 
valuable  system  for  the  treatment  of  wounds  by  irrigation  with  anti- 
septics of  the  chlorin  group.  The  whole  subject  of  jwound  irrigation 
has  been  restudied  and  new  antiseptics  discovered. 
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J.  F.  MrC'LKNwiN,  in  the  Journal  of  Laboratory  and  Clinical  Medi- 
cine, August,  HUT,  discusses*  "The  Relation  of  Physical  Chemistry 
to  the  Irrigation  of  Wounds."  lit*  emphasizes  the  importance  of 
protecting  the  tissues  from  the  effects  of  prolonged  diffusion.  The 
action  of  the  antiseptics  employed  Is  oxidative.  l(  Oxidizing  sub- 
stances arc,  however,  reduced  by  cells  and  an  ideal  local  antiseptic 
would  be  one  whose  reduction  product  is  indifferent.  Hydrogen 
peroxide  falls  in  this  class  but  is  not  a  powerful  oxidizing  agent 
and  is  deeowjK»sed  by  catalast*  HO  rapidly  as  to  render  a  large  per- 
centage of  it  ineffective.  It  acts  as  a  mechanical  cleanser.  li 
infusoria  are  plactnl  in  n  solution  of  ItjOi,  the  latter  penetrates  their 
protoplasm  and  is  deromjwised  on  the  inside  with  the  liberation  of 
bubbles  of  oxygen  which  burnt  and  destroy  the*  cells.  More  useful 
agents  art*  iodin  and  chlorin,  especially  the  latter  since  11(1  formed 
on  its  reduction  may  IM*  neutrali/ed  by  XaH(X)a  that  has  been  added, 
and  tlms  rendered  indifferent.  According  to  DAKIN  and  his  col- 
Inborn! ors,  ehlorin  forms  chloramincs  when  it-  acts  on  protoplasm,  and 
these  ehloramines  have  an  antiseptic  action.  It-  is  true,  however, 
that  ehlorin  o\uli/e*  many  organic  compounds  with  the  liberation 
of  HCl,  Chlorin  gas  r*eapt**  rapidly  from  its  solution  in  water,  but 
this  may  be  retarded  by  the  addition  of  a  bane  transforming  it  into 
hy|H>ehloritt*.  It*  oKitli/ing  JKIWCT  is  impaired,  however,  if  the 
reaction  is  very  alkaline,  but  may  be  restored  by  bubbling  (K)^ 
through  the  *»*lutit»n,M 

MrCt.KNtJUN  empha.^ixes  the  imjHtrtantr  of  having  the*  irrigating 
fluid  physiologically  normal,  If  is  not  enough  in  his  opinion  that 
the  solution  *lnml<l  cmitaiu  the  salts  iit  the  proper  proportion  but  it 
must,  have  the  mrrert  bycln.»gi*n  ion  concent-ration  (/;//).  This  may 
be  provided  by  ImhUiitK  <  '<  )a  thruimh  the  fluid  and  measuring  the  pu 
with  intlicators, 

lite  most  imjKirliiiif  nt'w  niifi^eplicn  are  chloratnine  T  or  sodium 
toluene  sul|»luittrhlftrumict<*  M«lubl«*  in  water,  and  dichloraniine  T  or 
to!u«'fit-|>"Hu!|ihii!M'  <Iicliti»i*iiiiiii«*  soluble  in  organic  Holventn,  and  a 
pitntifiit  Kuturnti'tl  with  rhhiriu,  cnlloil  chlorocozam*.  Ht*t»  Handbook 
of  AnfiHepiict4  cj>AKtx  mid  DVNUAM)*  Tr,] 

The  Method  of  Considered  in  the  Light 

of  Colloid  Research, 

Fur  tilling  tiisiufirtmtts  tuirfrria  are  usuidly  dricnl  on  silk  threads 
or  marhii's.  Tli^r  an-  <Iti»i«'«l  in  thr  disinfectant  nolution,  and  after 
the  solution  IM  rrniiivn!  Ihry  nn*  jjluccti  in  l>ouillou  or  fluidified  agar, 

If  the  Itii4*t4*ria  ti«vr  bn-ii  killed  hy  the  immersion,  no  germn  develop. 
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From  the  length  of  time  required  to  kill  the  germs  and  from  the  con- 
centration of  the  disinfectant  solution  we  may  judge  the  strength  of . 
the  disinfectant  action. 

From  the  standpoint  of  the  colloid  chemist  the  silk  thread  pro- 
cedure contains  a  serious  error  of  method.  Even  at  present  on 
account  of  its  apparent  simplicity  this  method  is  frequently  em- 
ployed. We  know  from  practical  experience  that  silk  is  a  very 
powerful  adsorbent.  The  investigations  of  W.  SCHELLENS  *  on  the 
relation  of  silk  to  sublimate  is  of  interest  in  this  connection.  He 
shook  1  gm.  silk  with  50  c.c.  of  1  per  cent  sublimate  solution  and 
then  determined  how  much  mercury  was  present  both  in  the  re- 
maining fluid,  and  in  the  silk  after  it  had  been  washed  many  times. 
He  found  that  the  silk  had  taken  up  6.04  per  cent  of  its  weight  of 
metallic  mercury  but  had  fixed  only  1.9  per  cent.  We  thus  see  that 
silk  retains  very  considerable  quantities  of  sublimate.  Similar  re- 
sults were  obtained  by  W.  SCHELLENS  for  ferric  chlorid,  ferric  acetate, 
several  mercuric  salts,  lead  nitrate,  etc.  From  this  we  must  con- 
clude that  silk  is  not  a  suitable  germ  carrier  for  disinfection  experi- 
ments, since  as  the  result  of  adsorption  (no  action  can  be  ascribed 
to  the  "fixed"  mercury,  etc.)  it  retains  too  much  disinfectant;  on 
this  account  the  germ  cannot  escape  from  the  disinfectant,  and  ac- 
cordingly we  are  only  given  information  relative  to  inhibition  of 
development  and  not  concerning  the  lethal  action.  PAUL  and 
KBONIG  chose,  as  germ  carriers,  marbles  because  the  disinfectant 
can  barely  adhere  to  them  by  adsorption.  H.  BECHHOLD  and  P. 
EHRLICH,*  as  well  as  H.  BECHHOLD,*9  in  their  experiments  on  lethal 
action  completely  discarded  germ  carriers;  they  prepared  bac- 
terial cultures  on  agar,  which  they  covered  with  the  disinfectant 
fluid.  After  removing  the  disinfectant,  they  washed  the  culture 
twice  with  physiological  salt  solution  (which  is  finally  made  very 
faintly  alkaline)  and  then  transplanted  the  culture  to  a  new  medium 
(agar).  On  account  of  the  thickness  of  the  culture,  very  great 
demands  are  made  upon  the  disinfectant  by  this  method,  but  no 
germ  carrier  whatever  is  transferred  to  the  new  culture  medium, 
and  the  method  thus  completely  avoids  the  source  of  error  men- 
tioned above. 

The  experiments  on  the  disinfectant  action  of  formaldehyd  gave 
such  contradictory  results,  because  the  great  adsorption  of  formalde- 
hyd by  silk  was  ignored,  as  was  pointed  out,  especially  by  SCHUM- 
BEKG.* 

In  order  to  annul  the  adsorptive  action  of  germs  and  germ  carriers 
in  disinfection  experiments,  an  attempt  was  made  to  render  the 
disinfectant  inactive  by  chemical  means,  as  it  was  found  impossible 
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to  accomplish  this  by  washing.  J.  GEPPERT  *  inactivated  sublimate 
by  means  of  the  action  of  ammonium  sulphid;  the  sublimate  is  thus 
changed  to  the  innocuous  mercuric  sulphid.  In  the  case  of  formal- 
dehyd,  ammonia  is  employed,  for  by  means  of  ammonia,  f  ormalde- 
hyd  is  changed  to  hexamethylentetramin.  There  is  no  chemical 
agent  destructive  for  phenol  and  phenoUike  compounds  to  which 
objections  cannot  be  raised. 

From  the  colloid-chemical  standpoint,  I  regard  the  principle  of 
chemically  removing  the  disinfectant  as  erroneous  in  many  cases. 
The  idea  which  guided  GEPPERT  and  his  successors  was  evidently 
that  if  a  germ  which  had  been  immersed  in  a  disinfectant  is  placed  on 
a  suitable  culture  medium,  the  medium  abstracts  the  last  traces  of 
the  adherent  disinfectant;  it  is  thus  washed  just  as  a  chemist  washes 
a  crystalline  precipitate  on  a  filter.  In  this  way  we  consider  the 
effect  only  for  the  time  during  which  the  germ  remained  in  the  disin- 
fectant, and  J.  GEPPERT  and  his  followers  seek  to  imitate  this  limited 
time  by  chemical  destruction  of  the  disinfectant  when  the  germ 
is  removed.  As  a  matter  of  fact  the  process  proceeds  differently: 
when  the  germ  is  removed  from  the  disinfectant  and  is  placed  on  a 
fresh  culture  medium,  it  releases  the  disinfectant  only  slowly  and 
incompletely  in  accordance  with  the  laws  of  adsorption.  We  may 
compare  the  process  to  the  " bleeding77  of  dyed  fabric;  especially 
the  bleeding  of  cotton  which  has  been  dyed  with  a  dye  that  is  chemi- 
cally insufficiently  fixed  by  the  fiber  and  which  for  days  gives  up 
color  when  washed  with  water;  the  dyer  says  it  "  bleeds."  Thus 
for  a  long  time  by  a  pure  adsorptive  action  the  germ  retains  the 
disinfectant  and  is  injured  by  it.  That  this  assumption  is  correct  is 
shown  by  some  experimental  results  taken  from  the  literature, 
throughout  which  the  expression  is  employed  that  the  germs  are 
"weakened."  This  expression  appears  to  me  to  be  the  transfer  to 
organisms  to  which  it  no  longer  applies  of  a  conception  applicable  to 
men  and  higher  animals. 

According  to  J.  GEPPERT,  anthrax  spores  are  weakened  but  not 
killed  by  the  action  of  0.1  per  cent  sublimate  solution  for  15  min- 
utes. They  arc  unable  to  develop  even  in  a  culture  medium  which 
contains  as  little  as  1:2,000,000  sublimate,  whereas  normal  an- 
thrax bacilli  thrive  quite  well  in  this  medium.  Our  interpretation 
of  this  is  that  anthrax  spores  previously  treated  with  1 : 1000 
sublimate  adsorbs  so  much  sublimate  that  they  are  in  adsorption 
equilibrium  with  a  nutrient  medium  that  contains  1:2,000,000 
sublimate. 

HEINZ  says,  "  Sublimate  acts  in  animal  infections  just  the  same  as 
when  transplanted  upon  artificial  media  and  the  minutest  traces 
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suffice  to  prevent  multiplication  or  the  infection  of  animals  on  the 
part  of  the  germs  weakened  by  the  antiseptic." 

"  Anthrax  bacilli  (HEINZ)  like  anthrax  spores  prior  to  the  lethal 
action  show  a  stage  of  weakness  in  which  the  bacilli  are  unable  to 
grow  in  a  nutritive  medium  containing  a  minimal  amount  of  disin- 
fectant. Thus  anthrax  bacilli  which  had  been  immersed  in  1  per 
cent  carbolic  acid  (and  had  not  been  killed)  did  not  grow  in  a  culture 
medium  which  contained  a  small  amount  of  carbolic  acid, "  whereas 
fresh  anthrax  bacilli  grew  luxuriantly. 

I  find  a  very  instructive  example  in  OTTOLENGHI'S  *  paper.  He 
says,  "The  fact  is  very  interesting,  that  occasionally  certain  paper 
strips  (he  soaked  blotting  paper  strips  with  an  emulsion  of  anthrax 
spores,  dried  them  and  then  placed  them  in  sublimate  solution)  after 
they  have  been  subjected  for  24  hours  to  a  sublimate  solution  (up  to 
2.712  per  cent)  and  were  inoculated  into  guinea  pigs,  may  yield  a 
luxuriant  development  of  anthrax  bacilli  if  they  are  removed  from  the 
thoroughly  healthy  animal  after  one  week  and  are  placed  on  media 
after  a  thorough  treatment  with  H2S."  The  results  of  H.  REICHEN- 
BACH1  are  to  be  judged  from  the  same  standpoint.  After  treating 
anthrax  spores  with  sublimate,  they  first  lost  their  activity  in  the 
bodies  of  animals,  then  their  ability  to  grow  in  bouillon  (without 
ammonium  sulphid  treatment)  and  only  after  a  much  longer  time 
did  they  cease  to  grow,  even  after  treatment  with  ammonium  sulphid. 

Unquestionably  numerous  analogous  examples  would  be  found 
were  the  literature  carefully  studied. 

It  may  be  seen  from  this  that  in  disinfection  experiments,  the 
chemical  removal  of  the  disinfectant  may  lead  to  false  results,  that  it 
may  simulate  a  weaker  action  of  the  disinfectant  than  it  actually  has, 
i.e.,  a  weaker  action  than  it  possesses  in  practice  under  natural 
conditions.  On  this  account  I  regard  repeated  washing  of  the  germs 
with  indifferent  solvents  (water  or  physiological  salt  solution  which 
is  finally  made  faintly  alkaline  with  soda)  as  the  proper  method  for  the 
removal  of  the  disinfectant.  Whatever  is  retained  by  the  germ  after 
such  a  washing  would  also  be  retained  under  natural  conditions.  The 
BECHHOLD-EHRLICH  method  of  killing  germs  (see  p.  406)  meets  all 
these  conditions  correctly. 

This  criticism  relates  to  the  testing  of  disinfectants  against  germs 
which  can  directly  enter  the  organism  (disinfection  of  the  hands, 
antiseptics,  etc.).  It  is  otherwise  with  substances  which  serve 
for  the  disinfection  of  stools,  sputum,  etc.  Under  these  circumstances 
we  must  consider  that  the  disinfectants  penetrate  an  environ- 

1  According  to  personal  letter.  See  also  H.  REICHENBACH,  Zeitschr.  f.  Hy- 
giene und.  Infectionskrankh.,  60,  455,  u.  460-462  (1905). 
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ment  which  contains  hydrogen  sulphid,  ammonia,  etc.  The  testing 
of  a  disinfectant  must  always  take  its  use  into  consideration  and  be 
accordingly  varied  in  different  cases.  [The  criterion  of  CARREL  and 
DEHELLY  is  the  bacterial  count  per  field  in  smears  taken  from  the 
wound.  Tr.] 

Diuretics  and  Purgatives. 

Diuresis  and  defecation  may  be  influenced  in  the  most  varied  ways, 
for  instance  by  increased  blood  pressure  or  by  increased  peristalsis  — 
in  brief,  by  such  factors  as  chiefly  exert  a  more  or  less  specific  nervous 
action;  similar  effects  may  be  obtained  by  a  purely  mechanical 
facilitation  of  secretion  or  by  hindrance  of  absorption. 

We  have  repeatedly  referred  to  the  lyotropic  series  of  the  alkaline 
salts  (see  pp.  80  and  296)  and  have  shown  among  other  things,  that 
there  exists  a  remarkable  parallelism  between  the  swelling  of  gelatin 
and  fibrin,  the  precipitation  of  albumin  and  lecithin  and  the  irrita- 
bility of  frog's  muscle  and  ciliated  epithelium.  Also  for  diuresis 
and  defecation  there  exist  such  evident  relationships  which  we  shall 
here  elucidate.  We  give  the  classification  of  F.  HOFMEISTER.  The 
figures  above  the  columns  I,  II,  etc.,  indicate  the  concentration  of  the 
salt  solutions  which  are  necessary  to  salt  out  globulin. 


I. 

II. 

in. 

IV. 

V. 

1.51-1.66 

2-2.03 

2.51-2.72 

3.53-3.63 

5.42-5.52 

Li  sulphate 

Na  sulphate 

NBU  sulphate 

Mg  sulphate 
NH4  phosphate 

NaCl 
KC1 

Na  nitrate 
Na  chlorate 

Na  phosphate 

NH4  citrate 

K  phosphate 
K  acetate 

NH4  tartrate 
Na  carbonate 

Na  acetate 

K  citrate 

Na  citrate 

K  tartrate 

Na  tartrate 

The  various  members  of  Group  I  are  purgatives;  those  of  IV  and 
V  are  diuretics,  while  the  action  of  those  in  II  and  III  with  the 
exception  of  magnesium  sulphate  are  not  sufficiently  definite  to  be 
of  any  service. 

Obviously,  the  anion  is  of  the  greatest  importance  for  the  action 
of  the  above  salts:  We  observe  that  Cl  and  N03  have  the  highest 
rate  of  diffusion  and  are  most  rapidly  absorbed.  NaCl,  KC1  and 
NaN03  aid  swelling  so  that  a  gel  swells  more  rapidly  in  such  a  salt 
solution  than  in  pure  water.  From  this  it  follows  that  the  in- 
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testine  will  take  up  such  solutions  more  rapidly  than  pure  water. 
Accordingly,  all  the  conditions  necessary  to  give  the  body  a  large 
quantity  of  dilute  salt  solution  are  fulfilled.  We  know  from  Chap- 
ter XIV  that  there  is  a  strong  effort  on  the  part  of  the  mammalian 
organism  to  keep  constant  the  swollen  condition  of  the  blood  and 
tissues,  as  well  as  the  osmotic  pressure.  For  this  purpose,  the 
kidney  is  most  important,  since  it  is  able  to  remove  excess  of  water 
and  salts.  We  may  even  at  present  recognize  thus  the  qualitative 
relationship  between  physical  properties  and  the  diuretic  action  of 
Groups  IV  and  V.  Unfortunately,  we  are  not  in  a  position  to  pursue 
the  process  quantitatively,  but  we  may  assume  that  there  would  not 
be  a  simple  relationship.  The  above-mentioned  physical  properties 
of  Groups  IV  and  V  are  to  be  classified  not  only  in  reference  to  the 
intestinal  membranes  and  the  kidney  function,  but  they  also  pay 
a  role  in  the  irritation  of  nerves  and  the  contraction  of  muscle  (see 
p.  289  et  seq.  and  p.  354).  According  to  Wo.  PAULi*3  the  majority 
of  cations  raise  the  blood  pressure,  whereas  Br  depresses  it.  This 
explains  why  bromids  are  of  no  use  as  diuretics  in  spite  of  the  fact 
that  they  might  be  classified  as  such  from  their  behavior  with  colloids; 
the  depression  of  blood  pressure  they  cause  opposes  their  diuretic 
action.  Hypotonic  common  salt  solution  and  potassium  nitrate 
solutions  remain  therefore  the  chief  diuretics  among  the  alkali  salts, 
In  fact,  it  is  the  solution  of  common  salt  which  plays,  in  the  Spa 
"mineral  water  cures,"  the  chief  part  in  increasing  the  urinary 
excretion. 

The  result  is  quite  different  when  solutions  are  introduced  directly 
into  the  blood  stream.  A  physiological  salt  solution  is  excreted 
practically  quantitatively.  If  we  inject  a  hypertonic  salt  solution, 
then  more  water  will  be  excreted  than  was  introduced,  and  (within 
certain  limits)  proportionately  more  will  be  excreted  the  greater  the 
concentration.  This  is  not  surprising,  because  the  salt  withdraws 
the  water  of  swelling,  especially  from  the  blood  corpuscles  and  the 
muscles.  The  water  thus  set  "free"  is  then  filtered  uway  by  the 
kidneys.  Sulphates,  phosphates,  tartratcs  and  citrates,  etc.,  of 
sodium  impede  diuresis  when  taken  by  mouth;  however,  when  di- 
rectly injected  into  the  blood  stream,  they  are  even  more  strongly 
diuretic  than  common  salt.  This  depends  on  their  strong  dehydrat- 
ing action  and  their  low  diffusibility.  MARTIN  H.  FISCHER  by  in- 
troducing such  salts  was  able  to  make  a  kidney,  which  had  been 
edematous  by  ligating  the  renal  artery,  function  again.  On  in- 
jecting an  appropriate  salt  into  the  renal  artery  or  even  into  the 
kidney  itself  the  swelling  subsided  and  the  anuria  ceased. 
According  to  E.  PREY,*  if  we  inject  the  salts  mentioned  along 
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with  narcotics  (morphine,  chloral,  ether,  urethan),  no  diuresis  de- 
velops, and  on  the  other  hand  the  absorption  of  water  from  the  in- 
testines is  unimpaired.  This  is  explained  by  the  fact  mentioned 
(p.  338),  that  such  narcotics  inhibit  the  oxidizing  processes  in  the 
organism,  which  results  in  a  greater  fixation  of  water  ("acid  swell- 
ing"). 

What  holds  for  electrolytes  is  also  true  for  nonelectrolytes.  We 
have  recognized  in  urea  a  substance  which  greatly  aids  diffusion 
through  jellies  (see  p.  55)  and  which  opens  through  the  hydrogel 
paths  for  itself  and  other  substances;  as  a  matter  of  fact  it  acts  as 
a  diuretic.  I  wish  to  mention  some  additional  facts  concerning 
ammonium  salts  and  the  cleavage  products  of  protein.  All  the  evi- 
dence (see  pp.  80  to  82)  is  in  favor  of  the  view  that  the  action  of 
the  cations  and  of  the  anions  of  an  electrolyte  is  antagonistic  and  that 
they  mutually  counteract  a  portion  of  their  own  activity.  Thus  NH4 
seems  to  oppose  the  precipitating  and  dehydrating  action  of  S04, 
citrate,  and  tartrate  anions  to  a  greater  extent  than  K  and  Na  (see 
the  Series  III  of  our  group).  If  we  bring  this  into  relation  with 

analogous  action  of  urea  CO  <^  we  may  in  general  attribute  to 

\NH2 

the  NH2  and  NH3  groups  the  property  of  aiding  diffusion  and  we 
also  understand  the  ease  with  which  protein  cleavage  products  are 
absorbed,  for  they  occur  in  the  intestines  largely  split  into  substances 
with  free  NH  and  NH2  groups. 

MARTIN  H.  FISCHER  explains  the  diuretic  action  of  digitalis  prepa- 
rations and  of  caffein  as  follows.  They  increase  the  strength  and 
frequency  of  the  pulse,  increase  the  utilization  of  oxygen  and  thus 
the  blood  supply  of  the  kidneys  is  increased  and  the  "free"  water  in 
the  blood  is  increased  and  may  be  excreted.  This  agrees  with  the 
results  of  SOBIERANSKI,  HIROKOWA  and  GRUNWALD  who  found  that 
the  diuretic  action  of  caffein,  theobromin  and  diuretin  depended  on 
their  interference  with  reabsorption. 

GRUNWALD  was  able  to  show,  for  instance,  that  rabbits  on  a 
chlorin-free  diet  when  treated  with  theobromin  finally  perished  for 
want  of  chlorin.  The  chlorin  removed  from  the  body  by  ultrafiltra- 
tion  was  not  restored  by  reabsorption. 

Purgatives. 

If  we  wish  to  explain  the  action  of  purgatives  we  must  first  re- 
view the  processes  in  the  intestines.  The  intestine  is  the  place  where 
secretion  and  absorption  occur.  The  volume  of  the  secretion  of  the 
salivary  glands,  the  stomach,  bile,  pancreas  and  intestine  is,  accord- 
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ing  to  H.  MEYER  and  R.  GOTTLIEB,*  about  3  to  4.5  liters  daily.  The 
amount  reabsorbed  is  a  still  larger  quantity.  An  increased  absorp- 
tion of  fluid  is  followed  by  an  increased  secretion  of  fluid  into  the 
intestine.  The  final  result  depends  on  whether  more  fluid  is  ab- 
sorbed or  secreted  (into  the  intestine)  or  vice  versa.  If  the  secretion 
exceeds  reabsorption  the  intestinal  contents  are  fluid  and  volumi- 
nous, and  we  have  one  of  the  conditions  for  easy  defecation.  On  this 
account  substances  having  a  capacity  for  swelling  counteract  con- 
stipation. Persons  suffering  from  constipation  are  recommended  to 
eat  considerable  quantities  of  vegetables  and  graham  bread}  because 
the  indigestible  cellulose  they  contain  retains  water.  This  accounts 
for  the  laxative  action  of  agar.  In  addition,  all  substances  which  act 
on  the  intestinal  nerves  by  increasing  peristalsis  will  favor  defecation. 
The  effect  of  alkali  salts  have  been  most  exhaustively  investigated, 
but  before  we  consider  them  we  must  recall  the  observations  of 
LOEPER.*  He  found  that  salt  solutions  which  were  introduced  orally 
either  in  hypertonic  or  in  hypotonic  solution,  when  they  reached  the 
intestine  were  in  practically  isotonic  solution.  We  can  accordingly 
disregard  all  hypotheses  which  seek  to  explain  the  action  of  purgatives 
by  differences  of  the  osmotic  pressure  of  the  intestinal  contents.  If 
hypertonic  or  hypotonic  salt  solutions  have  an  effect  notwithstanding, 
we  must  explain  this  by  indirect  action,  for  hypertonic  salt  solutions 
inhibit  gastric  movements  and  thus  interfere  with  the  progress  of 
the  chyme  from  stomach  to  intestine. 

We  saw  that  the  chlorids  and  nitrates  are  diuretics;  the  sulphates, 
phosphates,  citrates  and  tartrates  are  chiefly  purgatives,  so  that  the 
last-mentioned  anions  must  possess  properties  which  either  increase 
secretion,  diminish  absorption,  or  strengthen  peristalsis. 

Some  diuretics  may  purge  by  reason  of  increased  secretion.  Table 
salt  acts  in  this  way  and,  in  mild  constipation,  it  is  given  in  dry 
form  in  Spa  cures,  or  as  sodium  bicarbonate.1 

In  the  case  of  the  real  purgatives  of  Group  I,  it  is  a  question 
whether  their  action  is  directly  on  the  intestinal  mucous  membrane 
or  whether  they  increase  peristalsis  through  nerve  stimulation.  Pos- 
sibly they  may  impede  the  absorption  of  themselves  and  other  sub- 
stances by  dehydrating  and  precipitating  albumin.  This  does  occur 
in  high  concentration  (1  gram  equivalent  Na^SC^).  G.  QTJAGLIARI- 
ELLO  *  has  shown  in  the  case  of  sodium  sulphate  that  for  such  salt 
concentrations  as  enter  the  intestine  after  passing  through  the 
stomach,  the  imbibition  of  water  is  no  different  than  for  sodium 
chlorid,  and  accordingly  that  there  is  no  direct  action  by  such  purga- 
tive salts  on  the  intestinal  mucous  membrane. 

1  Changes  into  sodium  chlorid  with  the  gastric  hydrochloric  acid. 
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We  must  therefore  strive  to  discover  what  facts  speak  for  a 
strengthening  of  peristalsis  by  such  salts. 

Interesting  observations  by  MAC<"ALLUM*  in  agreement  with 
observations  by  J.  Low**2  show,  us  a  matter  of  fact,  that  the  salts 
of  (iroup  I  exert  on  muscle  and  nerve  a  stimulating  effect  which 
induces  am  increased  pe.ristalsix  of  the  intestines.  This  occurs  not 
only  when  citrates,  tartrates  and  sulphates  are  placed  in  the  lumen 
of  the  intestine  but  also  when  they  are  injected  subcutanoously  or 

97? 

intravenously,  and  even  dropping  a  —  solution  of  such  salts  on  the 

o 

peritoneal  surface  of  the  intestines  induces  especially  strong  peris- 
taltic intestinal  movement,  so  that  according  to  Wo.  PAULi*3  the 
intestinal  activity  may  even  approach  that  of  a  gastro-cntcritis. 
With  this  increase  of  peristalsis  there  is  associated  au  active  secre- 
tion into  the  intestine,  so  that  according  to  MAC(JALLUM  the  empty 
coils  of  small  intestine,  of  a  rabbit,  became  filled  with  secretion. 
(20  c.c.)  when  a  drop  of  sodium  citrate  solution  was  placed  on  the 
peritoneal  coat,  I  wish  to  recall  that  those*  anions  raise  the  blood 
pressure,  and  possibly  the  increased  secretory  activity  stands  in 
relation  to  this. 

Magnesium  sulphate*  is  one  of  the  best  known  cathartics,  although 
on  account  of  its  place  in  Group  III  of  our  table  we  would  hardly 
expect  that  it  should  have  any  special  action.  This  need  not  surprise 
us,  since  there  art*  in  the  intestine*  Na  ions  which  largely  inhibit  the 
antagonistic*  action  of  Mg  ions,  and  as  a  result  the  S(Xi  action  is 
brought  out.  According  to  MAC(.AU*UM,  if  we  introduce  MgCk 
(instead  of  MgS()4)  or  Cat -la  solution  into  the  intestine*,  or  inject 
them  into  the  circulation,  the  peristal  ic  waves  which  citrates  or 
fluorids,  for  instance,  strongly  induce,  are  inhibited.  This  agrees 
completely  with  our  premises,  according  to  which  there  exists  high 
antagonistic  action  of  divalent  cations  (sen*  p.  82)  as  here  exemplified. 
C'iiC'lg  diminishes  diuresis  an  well  as  defecation. 

KUANKL*  and  AUHH*  found  certain  contradictions  to  the  results 
of  MA<K..ALU?M.  They  claim  to  have  observed  no  diarrhea  upon 
injecting  Kulxtutaneously  or  intravenously  dilute*  purgative  salts,  and 
to  have  observed  even  constipation  upon  employing  more  concen- 
trated solutions.  J.  BANCROFT,*  on  the  contrary,  confirms  the  results 
of  MA<X-AI,MTM.  From  all  of  which  it  may  be  concluded  that,  as 
WUH  to  be  exacted,  the  result  chiefly  depends  upon  the  conditions 
of  concentration  awl  Ufxm  the  location  where  these  conditions  are 
active.  In  thin  connection  the  old  experiments  of  VON  HAY*  are 
very  instructm*.  If  he  gave  large  quantities  of  sodium  sulphate  by 
mouth,  it  abstracted  fluid  until  its  concentration  had  fallen  to  3  pex 
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cent  after  which  diarrhea  occurred.  If  he  deprived  the  animal  of 
water  for  1  or  2  days  and  gave  only  a  dry  diet,  even  concentrated 
solutions  of  Glauber's  salt  (20  gm.  salt)  had  no  cathartic  action. 
The  same  quantity  of  salt  diluted  to  a  5  per  cent  solution  resulted  in 
strong  catharsis  after  one  or  two  hours.  We  see,  therefore,  that  the 
condition  of  the  tissues  and  blood  colloids  in  respect  to  swelling  play 
a  most  important  part  in  these  processes.  On  this  account  it  is 
possible  to  employ  the  salts  of  Group  I  and  MgS04  either  to  purge  or 
to  dehydrate  the  body  as  may  be  necessary.  It  is  important  to  con- 
sider how  purgative  action  is  to  be  measured;  whether  according  to 
the  amount  of  dried  substance  passed  or  according  to  the  total 
quantity  including  the  fluid.  A  fluid  stool  permits  us  to  conclude  that 
there  is  an  increase  of  secretion  or  a  diminution  of  absorption,  an 
increased  amount  of  solid  feces  suggests  an  increase  of  peristalsis. 


Astringents. 

Constipating  substances,  i.e.,  those  which  diminish  the  intestinal 
or  even  the  gastric  secretion  and  peristalsis,  are  substances  which 
diminish  stimuli.  As  such  are  employed,  as  has  been  mentioned  on 
page  365,  hydrophile  colloids  (mucilages,  etc.),  as  well  as  strongly 
adsorbent  suspensions  (talc,  bismuth  subnitrate,  bismuth  subgallate). 
More  powerful  actions  are  obtained  with  such  substances  which  tan 
the  intestinal  membrane  superficially  and  in  this  way  interfere  with 
the  secretion  of  the  intestinal  glands,  or  at  least  arrest  absorption 
at  the  point  affected.  Most  important  of  these  is  tannin  and  such 
tannin  compounds  as  are  dissolved  in  the  intestinal  juice  (tannalbin, 
tannigen). 

BALNEOLOGY. 

It  would  certainly  be  a  fortunate  circumstance  for  balneology  if 
we  knew  but  a  small  fraction  as  much  about  the  physiological  action 
of  medicinal  springs  as  we  at  present  know  of  their  physical  and 
chemical  properties.  Every  mineral  spring,  no  matter  how  insignifi- 
cant, has  its  chemical  composition  determined  to  the  fifth  decimal;  its 
osmotic  pressure,  conductivity,  radioactivity,  etc.,  are  investigated 
and  the  possibilities  of  its  therapeutic  activity  are  lauded  and  its 
clinical  successes  (not  the  failures)  are  carefully  registered. 

The  scientifically  determinable  and  explicable  effects  are  con- 
sidered by  very  few.  From  these  remarks  it  must  not  be  concluded 
that  valuable  clinical  results  are  not  to  be  obtained  by  means  of 
balneology,  but  that  its  scientific  basis  is  largely  undetermined. 
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Water  and  Solutions. 

In  Chapter  XIV  I  stated  that  the  body  colloids  have  a  normal  state 
of  swelling  and  that  they  stand  in  definite  swelling  relation*  to  each 
other.  Thus,  whoa  the  condition  of  swelling  in  one  organ,  i.e.,  the 
muscles,  changes,  it  must  in  turn  influence  the  condition  of  swelling 
of  other  body  colloids;  as  in  the.  case  of  every  other  substance  there 
is  for  water,  a  definite*  distribution  in  the  organism.  This  distri- 
bution of  water  is  dependent  on  the  capacity  of  the  organ  colloids 
to  mjdt  and  this  again  largely  depends  on  the  amount  of  electrolytes 
contained. 

It  in  very  probable  that  during  life  the  crystalloid  content  of 
organ  colloids  suffer  certain  changes  which  may  even  become  patho- 
logical Under  such  circumstances,  it  is  conceivable,  that  a  thorough 
flushing  of  the  body  with  water  such  as  our  ancestors  were  accustomed 
to  undertake*  every  spring  to  "purify  the  blood"  might  be  of  great 
value  inasmuch  as  it  restores  the  normal  swelling. 

It  would  be  very  desirable  for  the  elucidation  of  this  question  to 
undertake  a  thorough  experimental  investigation  of  the  swelling 
capacity  and  swelling  range  of  the  organs  at  various  ages  under 
normal  and  pathological  conditions. 

Jtwt  us  u  drinking  "cure"  so  a  thirst  "cure"  (SermoTH's  "cure") 
may  influence  the-  condition  of  swelling.  (KAUKU/B  Treatment  as 
well  us  Tu*TNKi/H  owe  much  of  their  efficacy  to  "drink  restric- 
tion." (Sw  p.  234.)  Tr.l 

In  various  parts  of  this  book,  there  have  been  thoroughly  de- 
scribed the  great  significance  of  electrolytes  for  the  swelling  of  cell 
colloids,  the*  viscosity  of  the  blood,  the*  influence  of  heavy  metals  on 
Holubility  (unites,  lime  stilts)  and  the  acceleration  of  fermentative 
rleuvnges  and  syntheses,  '•<'•»  the*  acceleration  of  metabolism.  The 
introdwtion  into  the  body  of  electrolytes  in  the.  form  of  mineral 
in  the  original  and  essential  function  of  balneology.  It  is. 
conmvttWe,  that  the  increase  in  the  body  of  definite  anions 
or  rulioiiH  might  natisfy  important  therapeutic  demands.  [Radio- 
urtivity  should  be  considered  a  jxttwiblo  therapeutic  adjuvant,  sec 
%w\&U!*KMAKKU,  H.,  Aequi-radioaetivity,  Am.  Jour.  PhysioL,  1918, 
XLVf  IK  147,  Tr.J 

We  have  at  prcwnt  nothing  to  nupport  even  the  idea,  that  concen- 
tration of  a  definite  electrolyte  is  possible. 

Thw  art*  a  few  mdkatiouH  which  favor  this  view.  It  may  be  re- 
rnlitHi,  that  hyiM*rtouir  Halt  «o!utionH  result  in  a  destruction  of  tissue; 
hyjiotonic  solutions,  in  a  diminished  metabolism  of  protein  (see  K. 
Ito*T  *)  We  must  aim)  remember  that  cells  are  not  impermeable  for 


416 

Ions,  hut  that  accompany  inx  tin*  attraction  ot"  mutrr  by  hyjuTtouu? 
whit-ions  a  |x  wt  ration  or  tittnvtttittir  «1  ion*  way  occur. 
For  the  climvtb  mid  purgative  action  of  **r  pugt* 

409  et  mi. 

Salves  mui  similar  preparation*  uiv  fV«|it«*tttty  rftipttiyrit  m»t  only 
to  covor  wouiufc*  l»ut  aK»*  %iHi  fit*'  *^»jk^t  nl  nttitHlitniiK  tttf*tltrm<s 
into  tl»»  hudy  through  tlw  4iu,  I'ln-  -km  ah,4iil»,  nnh  urh  ^uU- 
HtautTM  iw  an*  poluMt*  in  tut  ;  tlin  ha*  i»  «-u  *  f,i!»!i  ^}i?4  h>  tht* 
tigatioiw  of  W,  l'U«KHM-.  *  atul  \.  ^  aw  i  A  HI  \u$  «  in  u  * 

Thecollotdal  iiropiTtii^trflalMl^^-r^t  uur  aft*  uiiuu  111* 
Honsntion  inth»rt»«l  l»y  ni/i/  IIMH«  ii«'|*»*ii*i  •  on  it  ^  *Mjiwtt\  lor 
water;  it  tnki*H  up  aUmt  2H  jwr  out  wat*r  \\hirh  i,  i*i»unii4>'  fhr 
dinpriwd  pluiM*.  \\IHI!  tut  i»  §4hviln»j»h»)>  "  i«*  -v  *1U1  i\t'f;it*i  r\fi«ut. 
It  i4iitt*w  rotmniTt'**  a^  lin,^l*n  ami  4-»  tit  IM,  »  J*»v  <»iHr*  llr  *uw 
that,  by  iwmuHiif  itvttttiphit*4  Itnlliiu  tt.if*  i  "tt!'*!4*  th«*u/h  Mni;n;inty 


nihly  wt*  may 

|Hknctratioti  into  flit*  l**»iiv  thiott^U  ?t*«*  fisii  t»s  n**  ^^  »»J  ihr'%  til 
nuulicamrnth  for  ttlu«'l»  th*  *»Km  «•  *»«U»'**i  <*  juip'iiu*  i!4i\  \  V\- 
KWiuii!  Jour.  Inihi^tr.  ami  Kn^.  rim»,f  \*4»  i\.,  |»,  U  *4,  I*I\I'N  Ilir 
method  for  pr**purini?;  r»'»\l  nl^<»li*»i  i-  i  '*il*^n4?f  f**i  t,4i$ulin  ;ut«l 
<nu*t»rin.  Tr.| 

P.  (J.  tfNMA*  nhintni  that  tin  h\»lroph?l«*  rMmMuriit  «»f  IUKI!  Cut 
IH  tin*  oxycholwtrrin  ^rotip,  Fn«*  patt-^  oj  iln^  i,ilffi*,  IIUMH!  titltt 
95  part**  of  paraffin  otntm«*nt.  »r«*  t«»  li.Il  fn^r  of 

water,    (It  eutiutitwt*  »  riitvr»«.) 


CHAPTER  XXIII. 
MICROSCOPICAL  TECHNIC. 

THE  microscopic  study  o(  organisms  and  parts  of  organs  is  one  of 
the  most  important  tasks  of  biologists  and  physicians.  The  princi- 
pal object  of  the*  microseopist  is  to  deduce  from  the  form  of  an  object 
its  nature  and  whether  its  appearance  is  normal  or  diseased. 

Remarkable  progress  has  been  made  in  this  field  though  the  chemi- 
cal interpretation  of  the  methods  employed  is  still  in  its  infancy. 

To  prepare  an  object  for  mic.roscopic.al  examination  it  must  be 
spread  out  very  thin  upon  a  slide  and,  if  necessary,  made  transpar- 
ent. In  the  case  of  unicellular  organisms  (bacteria,  protozoa,  etc.) 
no  further  preparation  is  necessary.  If  the  presence  of  bacteria  is 
to  In1  determine* I  it  suffices  to  spread  the  object  in  question  on  a 
slide  with  a  platinum  loop  and  to  dry  it  at  moderate  temperature 
by  drawing  the  slide  through  a  Bunsen  flame  several  times,  so  as  to 
coagulate*  the*  albumin.  On  account  of  the  intensity  with  which 
bacteria  and  cocci  stain  with  basic  dyes  (mcthylcne  blue,  carbol 
fuschin,  etc.)  it  is  usually  an  easy  matter  to  recognize  them  in  the 
otherwise  structureless  coaguhmu 

Organs  of  higher  plants  and  animals  must  be  either  teased  or  pre- 
pared in  thin  sections. 

The  least  deceptive  object  is  naturally  the:  living  organism,  as  wo 
see  it,  for  instance*,  in  hanging  drops,  in  the  moist  chamber  or  the 
microscope  .stage*  aquarium  of  J.  Com,  etc.;  even  in  higher  ani- 
mals some  investigations  may  be  made  while  they  are  still  alive  by 
spreading  out  {jortionn  of  organs  still  connected  with  the  animal  so  that 
they  are  transparent-.  In  this  way  wo  may  see,  for  instance,  the  cir- 
culation of  the  blood  in  the  lungs  and  in  the  web  of  a  frog's  foot.  Much 
more*  frequently  an  opportunity  to  examine  surviving  tissue  pre- 
Ht»nt«  itself.  It  in  by  no  means  necessary  that  at  the  moment  that 
the*  animal  itself  dies,  a  given  organ  or  cell  should  die,  Let  me  recall 
that  the*  heart  may  be  isolated  immediately  after  an  animal  (cat, 
frog,  etc.)  has  been  killed  and  may  continue  to  beat  for  a  long  time 
if  suitable  means  are  employed.  Leucocytes  of  warm  blooded 
animals  show  protoplasmic  movements,  if  observed  at  37°,  even  as 
long  as  a  half  day  after  the  animal's  death.  It  goes  without  saying 
that  this  must  occur  in  a  medium  which  causes  neither  swelling  nor 

417 


418  fm//>/aN*  /.v  ninuwy  .i.v/i  MKinfiMt 

shrinking.  Pun*  water  is  never  suitrd  fur  this;  a  suit  solution 
which  approaches  in  its  comixisition  that,  wliirh  hathes  I  hi*  orgnn  is 
best.  In  many  cases  "physiological  salt  solution"  H  auipd*;  in 
mammals  this  contains  l).sr>  per  cent  common  ,nnlt,  in  other  kinds  of 
animals  this  may  advantageously  be  reduced  to  0.,"*  JUT  cent.  Even 
though  the  living  or  surviving  organism  pivsrnu  a  microscopical 
picture  devoid  of  artifacts,  on  the  one  immi  it  is  rarely  possible  to 
examine  it  and,  on  the  other,  many  details  an*  eonrrjtled*  sinei*  the 
refraction  of  the  different  cell  elements  is  utmost  i*cpinl.  On  thin 
account  we  are  compelled  tii  section  and  stain  tin*  organs. 

Since  even  the  death  of  the  ceil  must**  <*lmngt*s  in  struct  »n*,  them* 
changen  with  the  chemical  manipulation*  uixiut  t«  In*  titwriix**! 
may  rtmch  a  grade  which  h»mls  to  tin*  gnixvst  i»rmrs.  Only  nhsoluto 
ignorance*  of  colloid  pnwf»SH4»s  rxphuiiH  htiw  arttfsrmily  priwluced 
flocculatbns,  coagulationn  anil  striations  (after  tn*Htmi*nt  with 
silver  nitrate  and  potonmiti  htrhronmttO,  rtr.,  ruuKl  U«  runsttii*r«*<i 
definite*  conntitucntH  of  rt*Hst  mid  it  in  n  pity  flint  ntuni*nnts  puins- 
taking  iuvcHtigatioiw  nuwt,  its  u  ivHult  of  this,  IM*  ronsitiiTini  mere 
waste  papiT,  By  iiuliciiting  tbw  rrmrH  A,  FtsntKit  mid  W,\i/nintt 
BKRCI,  ti8  wt41  IIH  TIL  v.  WAHIELKWHM.I,  |M*rf<irnt«*il  a  srrvins 

Acconlingly,  A.  FIHCHKR  citHtinKttish<*H  n*UK«*tit^  whirh  fonn  gmnuh*s 
(nuclei)  and  those  whioli  form  nitifcuia,  uml  \V,  HKIHI  iil^o  mlts  iit- 
tention  to  those  which  prinluri*  grmtiiliitfit  |irt!trt«^4  mini  rnvitirs. 

If  then,  OH  may  lie  neen  from  the  foivKottiK,  wi»  inny  cihtnin  ilitlrrent 
structures  hy  meaiw  <rf  cltflerettt  rriigi*nti4  m*ting  tut  tht*  >HxHi*H 

and,  convemely,  with  the  Htuut*  clti»i!ii«il  Htil^tintcr  prwitirr  flu* 
microHCopic  picture  on  different  ixxisi*H,  wi*  iimy  hy  iirriinitr  roin- 
Jmrative  r*x[H^riments  iimkr*  vithmhU*  tlitttirf  ioiut.  It  in  tmrdiy  ixmnthii^ 
to  employ  such  met!iod«  in  cletcrmintiii  fontu  hut  fur  tin*  umliwtami- 
ing  of  the  colloidal  natun*  of  the  ohjert  exiunined  they  »  hrmuJ, 
uncultivated  and  proiiibing  field  for  mllosd  * 

The  preparation  of  dead  material  for  mteifinettpie  exnininatton 
be  divided  into  maceration  and  iHolation,  itxation  atsil  fiardrtiiitg, 
decalcification,  bleaching,  cmbtKlduig,  and  and 

finally  staining,1 

Maceration  and 

Maceration  and  iwolation  urt^  for  the  imnnwo  of  dii«$lving  apart 
the  constitucntR  of  m  oiwui  (eelln)  and  ffiiw  to  rmigitiir  their  nm- 
necbon  and  to  mak«  it  jK>«nihlii  to  exaniiue  tin*  ^Ik,  The* 

for  tha  moHt  piirt  r<>l!iiwi«l  |MW  flu,  i|iwtii«w  Kivim  HI  tin* 


^  of  v*ltmM«  t 
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objects  are  placed  (depending  on  the  variety)  in  15  to  35  per  cent 
ailrohol  or  in  physiological  salt  solution  which  contains  2  cc.  of  40  per 
rent  fonnaldehyd  per  liter,  or  into  0.1  per  cent  to  0.005  per  cent 
chromic  acid,  or  I  per  cent  osmic  acid,  dilute  picric  acid,  20  per  cent 
nitric*  acid,  pure  IIC1,  javelle  water  or  many  other  solutions  recom- 
mended for  particular  purposes.  Obviously,  with  the  first  mentioned 
substances  we  may  dissolve  the  connections  by  a  differential  shrinking 
of  the  cell  constituents,  because  as  we  shall  see  the  identical  substances 
are  employed  in  different  concentrations  for  fixation  and  for  harden- 
ing. Substances  such  as  20  per  cent  nitric  acid,  pure  HC1,  etc., 
obviously  change  the  cement  substances  chemically.  We  understand 
the  action  of  digestive  fluids  (pepsin-HCl,  panereatiu)  to  bo  similar, 
yet  they  have  not  proven  very  satisfactory.  After  successful  "mac- 
eration11 it  is  sometimes  sufficient  to  shake  violently  the  object  which 
has  been  treated  to  cause*  it.  to  fall  apart  or  it  may  be  teased  on  the 
nlide  with  needles  or  a  coarse*  brush. 


Fixing  and  Hardening. 

Whereas  the  methods  previously  described  permit  the  recognition 
of  individual  elements  of  a  tissue,  they  do  not  permit  a  study  of  the 
relations  of  the  tissue  elements,  their  connections  and,  in  short,  the 
entire  tissue*  structure*.  For  this  purpose  a  thin  section  of  tissue 
must  he  prepared  and  stained.  Before  doing  this  it  is  frequently 
necessary  to  fix  and  harden  the*  object  to  be  studied. 

Fixation  in  undertaken  for  the*  purpose  e)f  making  the  partly  fluid 
nnt I  partly  semifluid  constituents  firm,  HO  that  they  stop  changing, 
neither  swelling,  shrinking,  coagulating  nor  the1,  like*  and  so  that  their 
upltcaraucc  shall  remain  as  newly  lifelike,  or  at  least  as  fresh  as 
ixmsihlc,  in  order  that  thin  condition  shall  bo  maintained  through  all 
the  later  manipulations*  By  fixation,  the*  relations  between  the  dif- 
ferent tissue  elements  are*  made  permanent.  The*  object  is  frequently 
t<x»  soft  to  section,  HO  that  it  must  be  subjected  to  a  special  proce- 
dure, hardening.  Viewed  colloid-c.hemically,  tissues  may  be  eonsiel- 
ered  to  consist  of  (1)  irrmnn'ble  slightly  elastic  gels,  (2)  reversible 
rliwfiV  |/rl«t  (H)  wj/#.  All  sorts  of  transition  states  exist. 

Accordingly,  fixation  renders  each  constituent  completely  insol- 
uble, unshrinkable  and  incapable  e)f  swelling;  the  sols  aro  changed 
to  gels,  and  no  shrinking  or  swelling  should  occur  during  the  fixation. 
Finally,  it  must  be*  jxwsiblc  to  stain  the  objects  well,  and  "eonse- 
tjuently  their  chemical  properties  must  not  bo  too  radically  changed. 
If  is  it  problem  almost  impossible  to  solve.  For  the*  sake  of  compari- 
son, every  one  known  how  great  and  almost  insuperable  difficulties 
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are  often  presented  by  the  fusing  together  of  a  metal  wire  and  a  glass 
tube  because  of  the  different  degree  of  contraction  (shrinking)  upon 
cooling.  Cracks  frequently  occur.  Now  imagine  how  very  compli- 
cated the  problem  becomes  whenever  three,  four  or  perhaps  a  dozen 
fused  ingredients  are  subjected  to  a  manipulation  to  which  they  react 
differently.  This  simple  consideration  teaches  us  that  we  can  never 
expect  a  piece  of  tissue  that  is  fixed  and  hardened  to  show  the  same 
appearance  as  when  it  is  alive.  Only  by  comparing  pieces  of  tissue, 
treated  in  different  ways,  can  we  recognize  what  is  normal  and  what 
is  due  to  fixation,  but  even  in  these  distorted  pieces  we  can  see  the 
places  of  least  resistance  where  inequalities  of  staining  exist,  and  by 
careful  consideration  we  can  learn  much  even  from  such  pieces  as 
are  regarded  as  spoiled  by  histologists. 

Of  course,  a  fixative  must  not  block  its  own  path.  If  massive 
organs,  e.g.,  the  brain  or  liver,  are  to  be  fixed,  the  fixative  solutions 
have  a  great  distance  to  travel  before  they  reach  the  center;  if 
shrinkages  or  precipitates  are  formed  at  the  periphery,  the  diffusion 
paths  are  closed  at  the  outset  and  the  fixative  could  never  reach  the 
center  even  if  such  objects  should  lie  in  the  fluid  for  weeks.  It  is 
quite  reasonable  to  expect  that  in  such  large  organs  the  central 
portion  will  show  a  different  kind  of  fixation  than  the  periphery. 

We  can  well  understand  how  temperature  plays  an  important  role, 
conditioning  not  only  the  rate  of  diffusion  but  also  governing  the 
processes  of  coagulation. 

Wherever  feasible  the  objects  are  cut  into  small  pieces  and  placed 
in  very  large  quantities  of  fixative  fluids  (50-100  times  the  volume  of 
the  object)  so  that  too  great  a  dilution  shall  not  occur  and  the  action 
shall  be  quite  uniform;  if  the  fixation  is  prolonged  the  fluid  must  be 
renewed  from  time  to  time. 

Among  the  fixatives  an  important  r61e  is  played  by  certain  elec- 
trolytes (chromic  acid,  bichromate,  mercuric  chlorid,  picric  acid,  etc.); 
they  cause  swelling  in  solutions  that  are  too  dilute,  shrinking  in  too 
concentrated  solutions.  On  this  account  C.  DEKHUYSEN  and  W. 
STOELTZNER  prepared  "isotonic"  solutions  which  cause  neither  swell- 
ing nor  shrinking.  These  authors,  as  may  be  seen  from  their  method 
of  expression  (hypertonic,  hypotonic),  evidently  proceeded  from  prem- 
ises which  depend  upon  osmotic  pressure,  a  factor  involved  only  to  a 
very  limited  extent.  By  treating  the  whole  practice  of  fixation  from  a 
colloid  standpoint,  doubtless  a  whole  series  of  valuable  new  methods 
of  fixation  would  be  evolved  for  histologists.  Such  a  study  would 
furnish  us  with  more  definite  rules  for  knowing  why,  on  the  one 
hand,  one  solution  is  more  suitable  for  marine  animals,  and  on  the 
other,  why  other  solutions  are  more  suitable  for  mammalian  organs. 
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It  is  quite  clear  that  the  action  of  the  same  fixative  differs,  depend- 
ing upon  the  variation  of  the  electrolyte  content  of  various  animals 
and  plants. 

From  what  has  been  said,  it  may  be  concluded  that  alkaline  solu- 
tions are  not  to  be  considered  fixatives,  since  they  produce  only 
swelling.  The  salts  of  the  light  metals  are  not  included  among  fixa- 
tives; they  usually  form  reversible  gels;  but,  on  the  contrary,  certain 
heavy  metals  as  well  as  acids,  especially  the  acid  mixtures,  are  of 
great  importance.  Many  have  an  oxidizing  action,  as  a  result  of 
which  the  organic  substances  lose  their  ability  to  swell.1 

Acids  are  obviously  employed  with  the  object  of  changing  sols 
into  gels,  and  since  a  chemical  change  must  simultaneously  occur,  it 
follows  that  all  acids  are  not  available  for  this  purpose  and  that  they 
must  always  be  employed  in  high  concentration.  Hydrochloric  acid 
and  sulphuric  acid  (the  latter,  at  least,  never  unmixed)  are  not  em- 
ployed as  fixatives,  but  we  do  frequently  employ  nitric  acid  in  2  to 
10  per  cent  concentration.  Its  use  is  not  general  since  it  frequently 
alters  the  stains.  For  organs  with  epidermal  coverings,  nitric  acid 
is  unsuitable  since  it  raises  the  epithelium  in  blisters  from  the  tissues 
supporting  it. 

Chromic  acid  (introduced  by  HANNOVER  in  1840)  is  the  oldest  and 
most  used  fixative  and  hardening  agent  for  cell  protoplasm  and  nucleus. 
It  is  used  in  concentrations  of  from  0.33  per  cent  up  to  1  per  cent. 
It  is  employed  preferably  in  the  dark,  since  daylight  causes  a  sort  of 
tanning  of  the  periphery  so  that  the  chromic  acid  penetrates  very 
slowly  and  amorphous  deposits  form  very  easily  in  the  preparation. 

Objects  fixed  in  chromic  acid  or  its  salts  become  green  in  time 
(reduction  to  chromic  oxid)  and  are  poorly  stained.  Many  methods 
for  regenerating  the  staining  capacity  of  such  specimens  have  been 
proposed  (L.  EDINGER  and  MAYER,  B.  GRAWITZ). 

Osmic  acid  (0.5  to  2  per  cent)  is  especially  recommended  for  the 
fixation  of  protoplasm  and  nucleus.  It  is  soluble  in  fat  and  conse- 
quently can  penetrate  the  living  cell.  It  does  not  penetrate  far, 
however,  and  on  this  account  is  available  only  for  small  or  thin 
objects.  With  the  fixation  there  is  a  blackening,  especially  of  the 
fats  and  some  other  substances  (reduction  to  colloidal  osmium). 
Opinions  on  the  use  of  osmic  acid  are  very  divergent.  Though 
praised  by  some,  A.  FISCHER,  as  the  result  of  his  studies  of  non- 
biological  material,  considers  it  a  weak,  unsatisfactory  precipitat- 
ing agent,  since  it  precipitates  only  acid  reacting  structures. 

1  To  fix  tissue  practically,  the  exact  directions  as  they  are  found  in  the  books 
must  be  followed;  they  are  employed  just  as  a  cooking  recipe  would  be.  Only  a 
few  generalizations  can  be  given  here. 
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Acetic  add  alone  (in  concentration  up  to  1  per  cent)  causes  swelling, 
but  is  suitable  for  combination  with  reagents  which  cause  shrinking, 
especially  for  the  fixation  of  nuclear  structures. 

Trichloracetic  add  (5  per  cent  to  10  per  cent)  penetrates 
rapidly,  destroys  the  most  delicate  structural  relations  of  pro- 
toplasm and  nucleus  but  fixes  well  centrosomes,  chromosomes  and 
spindles.  Since  fibrillar  connective  tissue  swells  strongly  in  tri- 
chloracetic  acid,  the  preparation  must  be  placed  at  once  in  absolute 
alcohol. 

Picric  add  does  not  change  all  sols  and  reversible  gels  into  irre- 
versible gels.  This  follows  from  the  results  of  A.  FISCHER  who 
showed  that  precipitations  with  picric  acid  are  dissolved  again  by 
water;  and  this  is  confirmed  by  the  experience  of  histologists  with 
actual  specimens.  Only  when  combined  with  other  acids  (acetic 
acid,  chromic  acid,  sulphuric  acid,  nitric  acid  and  osmic  acid)  does 
picric  acid  attain  its  importance  as  a  fixative,  and  under  these  cir- 
cumstances it  is  highly  praised. 

Since  picric  acid  is  lipoid  soluble  and  forms  insoluble  dye  salts 
with  dye  bases  it  is  suitable  for  fixing  specimens  after  "vital  stain- 
ing." 

Salts.  Among  these,  the  chlorids  next  to  the  chromates  enjoy 
especial  popularity.  I  attribute  this  to  their  ease  of  diffusion  and  to 
the  fact  that  in  respect  to  swelling  and  shrinking,  the  chlorin  ion 
occupies  approximately  a  middle  position. 

Copper  chlorid  and  copper  acetate  are  suitable  for  delicate  lower 
plants  but  are  very  seldom  employed. 

Mercuric  chlorid  in  concentrated  aqueous  solution  is  very  suitable 
for  the  fixation  of  animal  preparations.  I  have  had  very  good  re- 
sults in  fixing  leucocytes.  It  may  not  be  employed  for  any  molluscs 
or  for  fresh  water  crustaceans;  it  also  seems  not  quite  suitable  for 
plant  cells.  As  a  result  of  a  certain  amount  of  lipoid  solubility  it  is 
able  to  penetrate  the  living  cells  and  on  this  account  in  vital  stain- 
ing it  serves  to  fix  the  dye.  Obviously,  part  of  the  mercuric  chlorid 
is  in  this  case  bound  by  the  protoplasmic  albumin;  the  resulting 
combination  is  somewhat  insoluble  in  water. 

Ferric  chlorid  in  alcoholic  solution  is  recommended  for  pelagic 
marine  animals. 

Platinum  chlorid  (0.1  to  1  per  cent),  palladious  chlorid  (0.1  per 
cent)  and  iridium  chlorid  are  recommended  for  special  purposes  (usu- 
ally in  mixtures). 

Potassium  bichromate  is  rarely  used  as  a  pure  solution,  since  it 
markedly  changes  the  structure,  but  used  in  combination  with  other 
substances  it  is  a  very  popular  fixative  (with  acetic  acid  for  cell  sub- 
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stance  and  nuclear  structure;   with  sodium  sulphate  for  the  central 

nervous  system;    with   copper  sulphate   for  bulky   objects;    with 
sublimate,  etc.). 

Nonelectrolytes. 

Alcohol.  Alt-hough  diluted  alcohol  causes  shrinking,  by  em- 
ploying absolute1  alcohol  (not  under  09.5  per  cent)  we  obtain  in  the 
ease  of  compact  structures  (spleen,  kidneys,  digestive  glands,  etc.)  a 
fixation  without  shrinking.  The  explanation  of  this  is  found  in  the 
double*  action  of  alcohol,  both  precipitating  and  chemical.  The 
latter  which  effects  the.  transformation  of  sols  and  reversible  gels 
into  irreversible  gels  requires  a  certain  time  and  indeed  more  time 
the  more  dilute  the  alcohol  is,  so  that  we  must  endeavor  to  hurry 
the  chemical  action  as  much  as  possible  by  employing  concentrated 
alcohol.  The  double  action  of  alcohol  may  be  easily  demonstrated: 
If  a  solution  of  albumin  is  poured  into  alcohol  a  moderate  amount  of 
precipitate  is  formed  which  dissolves  again  upon  diluting  with  water; 
the  longer  the  time  that  elapses  before  diluting,  the  less  is  dissolved 
and  the  further  has  the  chemical  coagulation  process  advanced. 
Besides  ethyl  alcohol,  methyl  alcohol  may  be  employed. 

Ft)rmal<Mi$t*l  (Formol  or  Formalin).  The*  40  per  cent  formol  solu- 
tion in  the  shops  is  usually  diluted  10  times  with  water;  if  we 
speak  of  10  per  rent  formol  solution  we*  mean  that  it  contains  4 
por  rent  of  formaldohyd.  Such  a  solution  is  preferable  for  uniform 
fixation  and  prosorvatiou  of  compact  organs  (liver,  brains);  it  is 
less  desirable  for  roll  and  nuclear  structures.  A.  4  per  cent  fonnalde- 
hyd  solution  in  the  best  preservative  for  scientists  on  collecting  ex- 
|>editions,  oven  though  it  is  not  well  adapted  for  fixation.  After 
formol  fixation  the  staining  in  often  not  nil  that  could  be  desired. 
The  preeminent  properties  of  formol  depend  on  the  fact  that  it  is 
chemically  very  active,  easily  diffusible  and  hardly  at  all  adsorbed 
by  organic  Hulwtancos.  The  chimical  process  of  tanning  which  is 
very  similar  to  fixing,  is  much  loss  complicated  with  formol  than 
with  tannin  and  mirttgaUie  add,  with  which  an  adsorption  precedes 
tht«  rhomiml  change*.  Thene  two  substances  are  hardly  ever  em- 
ployed alone;  at  times  they  follow  fixation  with  osmium. 

Wo  have  now  reviewed  the  most  important  substances  used  as 
fixative**.  In  practical  histology  almost  nil  of  thorn  an*  used  in 
mixtures.  We  employ  chromic  acid  +  acetic  acid,  potassium  bi- 
chromutt*  «f-  Huhlimnlc  -f-  glacial  acetic  ncsul,  nitric  acid  +  potassium 
bichromate*,  onmic  acid  +  ix>tossium  bichromate,  chromic  acid  +• 
picric  acid  »f  nitric:  acid,  alcohol  +  glacial  acetic  acid,  etc.  Direc- 
tion* for  fixing  are  legion,  but  they  arc  "cooking  recipes'1 
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without  any  thought  whatsoever  of  the  chemistry  involved.  For  a 
truly  scientific  " theory  of  fixation"  it  would  be  necessary  first  to  con- 
sider the  condition  of  the  solutions  involved,  so  that  even  the  funda- 
mental facts  would  have  to  be  experimentally  determined,  and  then 
only  would  we  be  in  a  position  to  determine  their  action  on  colloids. 
At  present  we  lack  almost  the  very  essentials  for  the  development 
of  a  rational  method  from  this  wilderness  of  directions. 

Hardening. 

Hardening  follows  fixation.  For  this  purpose  alcohol  is  almost  ex- 
clusively used;  it  is  gradually  concentrated,  beginning  with  50  per 
cent  alcohol  and  then  increasing  the  strength  10  per  cent  until  96 
per  cent  alcohol  is  reached.  A  preliminary  washing  out  of  the 
fixative  is  required,  only  if  it  forms  precipitates  with  alcohol. 

In  order  to  make  thin  sections  with  the  microtome  or  razor  it  is 
usually  necessary  to  embed  the  preparation;  in  structures  contain- 
ing lime,  siliceous  or  chitinous  deposits,  these  must  be  removed  first 
by  employing  suitable  acids.  Finally,  the  sections  must  be  mounted. 
We  shall  not  discuss  these  manipulations  at  greater  length,  since 
they  are  purely  technical. 

From  our  viewpoint,  however,  a  very  important  procedure  is 

Staining. 

Unstained  specimens  are  usually  so  uniformly  transparent  that  it 
is  difficult  or  almost  impossible  to  distinguihs  their  intimate  struc- 
ture. In  order  easily  to  recognize  the  individual  structures,  histol- 
ogists  make  use  of  stains.  As  has  been  said,  they  are  chiefly 
concerned  with  a  morphological  classification;  to  see  cells,  it  usually 
suffices  to  stain  the  nuclei;  cell  division,  spermatogenesis  and  secre- 
tion require  specific  stains.  It  is  remarkable  that  but  few,  especially 
P.  EHELICH,  P.  G.  UNNA  among  others,  have  considered  what  con- 
clusions concerning  the  chemical  nature  of  the  stained  substance  may 
be  derived  from  staining.  We  are  unacquainted  with  any  conclusions 
concerning  the  physical  nature  (density)  of  tissues.  The  elaboration 
of  these  investigations  would  be  of  great  importance,  since  staining 
pictures  for  us  the  action  of  drugs,  toxins  and  disinfectants. 

The  Theory  of  Staining. 

Though  supporters  of  the  chemical  and  of  the  physical  theories  of 
dyeing  were  until  recently  actively  disputing,  there  are  mutual  con- 
cessions at  present.  __We  have  recognized  that  dyeing  does  not  occur 
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in  response  to  a  fundamental  law  but  that  various  complicating 
factors  enter,  great  variations  being  possible  by  reason  of  the  variety 
of  dyes  and  fabrics. 

OTTO  N.  WITT  proposed  the  theory  that  the  dye  occurred  in  the 
fiber  in  solid  solution.  This  assumption  can  only  apply  to  the  initial 
stages  as  G.  v.  GEORGIEVICS  showed,  in  experiments  on  the  absorption 
of  acids  by  wool.  The  further  absorption  of  dyes,  in  general,  corre- 
sponds to  an  adsorption.  This  is  the  result  of  quantitative  studies 
of  the  distribution  of  dyes  between  fiber  and  liquor  (the  technical 
name  for  the  dye  solution). 

We  owe  this  knowledge  to  the  researches  of  J.  R.  APPLEYARD  and 
J.  WALKER,  W.  BILTZ,  H.  FREUNDLICH  and  G.  LOSEV,  G.  v.  GEOR- 
GIEVICS and  L.  PELET-JOMVET;  these  experiments  show,  moreover, 
that  there  is  no  essential  difference  between  the  adsorption  of  formic 
acid  by  blood  charcoal  and  of  indigo-carmine  by  silk.  What  ap- 
plies to  textile  fibers  we  may  apply  as  well  to  animal  and  plant 
tissues. 

In  technical  dyeing  which  has  formed  the  chief  basis  of  theoreti- 
cal studies,  the  addition  of  electrolytes  (NaCl,  Na^SO^  etc.)  are  im- 
portant factors  which  modify  the  state  of  swelling  of  the  fabric  and 
markedly  influence  the  tendency  of  the  more  or  less  colloidal  dye  to 
precipitate;  in  biological  staining  electrolytes  are  not  used  to  such 
an  extent,  but  they  always  enter  as  factors. 

The  course  of  the  adsorption  curve  requires  that  proportionately 
much  more  dye  shall  be  removed  from  a  very  dilute  solution  than 
from  one  that  is  more  concentrated,  an  observation  which  impresses 
every  one  who  investigates  dyes. 

It  must  be  assumed  if  adsorption  phenomena  are  involved,  that 
the  entire  dye  may  be  removed  by  sufficiently  prolonged  washing, 
i.e.,  that  the  process  is  reversible;  this,  as  is  well  known,  is  contrary 
to  the  facts.  The  adherents  of  the  adsorption  theory  maintain  that 
traces  of  the  strongly  adsorbed  dyes  which  can  no  longer  be  recog- 
nized in  the  dye  bath  or  wash  water  are  in  adsorption  balance  with 
the  dye  taken  up  by  the  fiber. 

In  most  cases  of  true  dyeing,  fixation  may  be  brought  about  by 
secondary  intercurrent  chemical  processes  between  fiber  and  dye. 
This  firm  union  between  fiber  and  dye  is  what  the  adherents  of  the 
chemical  theory  of  dyeing  (M.  HEIDENHAIN,  E.  KNECHT,  W.  SUIDA 
and  his  pupils)  chiefly  advance  in  support  of  their  theory.  They  say, 
in  general,  that  the  textile  fiber  is  a  complex  organic  substance  which 
undergoes  a  double  decomposition  with  a  dye  salt,  just  the  same  as 
any  other  salt;  the  result  of  this  double  decomposition  is  on  the  one 
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hand  an  insoluble  compound  (textile  fiber-dye)  and  on  the  other  a 
soluble  compound  which  passes  into  the  bath,  e.g., 

wool  +  rosanilin  hydrochloric!  =  wool  rosanilin  base  +  ammonium  chlorid. 

The  adherents  of  the  adsorption  theory  insist  that  the  dye  salts 
are  frequently  strongly  hydrolyzed  in  solution,  so  that  there  is, 
accordingly,  only  an  adsorption  of  the  color  base  or  color  acid,  but  on 
this  account  no  chemical  double  decomposition  is  required  in  the 
staining,  inasmuch  as  fibers,  as  well  as  dye,  are  often  colloids  of 
opposite  charge  which  mutually  precipitate  each  other.  In  favor  of 
this  view  is  the  fact  that  a  dye  solution  stains  the  better,  the  more 
colloidal  it  is.  The  numerous  minute  additions  employed  in  micro- 
scopical stains  (methylene  blue  with  a  trace  of  alkali,  gentian  violet 
with  anilin  water,  etc.)  are  usually  added  for  the  purpose  of  making 
from  a  true  solution  one  less  dispersed.  P.  G.  UNNA,  who  first 
recognized  this,  applied  the  characteristic  term  "incipient  precipita- 
tion" to  the  condition  of  a  staining  fluid  most  suitable  for  staining. 
Finally,  we  shall  indicate  another  point  made  by  adherents  of  the 
adsorption  theory;  that  in  those  cases  in  which  hydrolytic  cleavage 
is  not  demonstrable,  we  frequently  observe,  —  not  only  in  the  case  of 
textile  fibers  but  also  in  adsorption  by  charcoal  and  silicates,  —  that 
with  the  taking  up  of  the  dye,  a  cleavage  of  the  dye  salt  occurs 
(demonstrated  for  crystal  violet,  fuchsin,  etc.),  whereby  the  cation 
(dye  base)  goes  to  the  adsorbent  and  the  anion  goes  into  the  solution. 
(This  is  chiefly  true  of  basic  dyes.) 

Such  phenomena  were  first  demonstrated  by  J.  M.  VAN  BEMMELEN 
in  the  adsorption  of  potassium  sulphate  by  hydrated  manganese 
dioxid;  free  sulphuric  acid  is  found  in  the  solution  while  KOH  is 
adsorbed.  MASIUS**  has  shown  in  the  case  of  the  very  strongly 
hydrolyzed  anilin  salts,  that  more  anilin  than  acid  is  adsorbed  by 
charcoal. 

To  explain  these  cleavage  processes,  especially  in  dyeing,  it  must  be 
assumed  that  the  easily  adsorbable  dye  ion  displaces  a  cation  K,  Na 
or  the  like,  which  is  already  present  and  adsorbed,  though  possessing 
little  capacity  for  adsorption. 

The  weak  point  in  the  argument  for  the  chemical  theory  resides 
in  the  fact  that  we  do  not  know  the  real  constitution  of  the  adsorbent, 
that  is,  the  fiber  (silk,  wool,  cotton,  etc.,),  so  that  we  do  not  know  what 
chemical  groups  are  involved  in  a  dye  combination.  H.  BECHHOLD 
accordingly  strove  to  solve  this  question  by  using  as  adsorbent  a 
group  of  substances  whose  composition  is  accurately  known,  namely, 
naphthalin  Ci0H7OH,  naphthylamin  Ci0H7  (NH2)  and  amidonaph- 
thol  Ci0H6OHNH2.  The  result  of  this  experiment  is  reproduced  on 
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page  30  and  shows  that  acid  groups  in  the  adsorbent  fix  color  bases 
especially;  that,  basic  groups  fix  acid  colors;  and  that  the  amphoteric 
amidonaphthol  stains  very  well  with  both  acid  and  with  basic  dyes. 

In  the  matter  of  cell  staining  not  only  is  the  chemical  nature 
of  the  cell  constituents  and  of  the  dye  involved,  but  the  physical 
prerequisites  for  the  penetration  of  the  dye  must  be  supplied. 

In  the  dyes  we  have  a  group  of  substances,  most  of  them  chemically 
well  defined,  which  exhibit  all  transitions  from  true  crystalloid  (e.g., 
methylene  blue)  to  the  highly  colloidal  hydrosols  (e.g.,  benzoazurin). 
There  is,  already,  an  extensive  literature  in  reference  to  the  colloidal 
properties  of  dyes  which  has  been  collected  in  the  work  of  L.  PELET- 
JOLIVKT.* 

The  experiments  of  II.  HOBER  and  8.  CHASSIN  *  showed  that,  in 
general,  the  more  colloidal  a  dye  is,  the  more  difficult  is  its  absorp- 
tion by  the  kidney  epithelium  of  frogs.  Some  exceptions  are  prob- 
ably associated  with  specific  chemical  properties. 

The  idea  that  the  staining  of  a  living  plant  tissue  depends  on  the 
dispersion  of  the  dye  was  developed  into  a  comprehensive  theory  by 
RUHLAND  in  his  "ultrafilter  theory"  which  points  to  a  satisfactory 
explanation  of  the  staining  processes  in  organised  tissues.1 

An  important  element  in  staining  capacity  seems  to  me  to  have 
been  disregarded  hitherto;  it  is  the  question  of  the  density  of  the  «swb- 
xtance  to  he,  stained  in  its  relation,  to  the  diffusibility  of  the  (lye.  It 
is  quite  clear  that  an  easily  diffusible  dye  will  penetrate  everywhere, 
and  that,  a  dye  possessing  no  diffusibility  will  always  remain  on  the, 
external  surface  of  the  tissue.  If  we*  are  dealing  with  substances  of 
medium  density,  it  will  depend  upon  the  density  of  the  tissues 
whether  it  will  penetrate  at  all,  and  to  what  extent.  If  we  know 
our  dyes  from  this  point  of  view  we  will  be  in  a  position  to  draw 
conclusions  from  their  penetration  as  to  the  structure  of  the  tissue 
examined.  Some*  experiments  performed  with  this  (aid  in  view  will 
explain  what  is  meant.2  In  solving  the  previous  question  I  em- 
ployed paper  strips  which  were  soaked  in  glacial  acetic  acid  collodion'1 
of  different  concentrations  (8  per  cent,  4.5  per  cent,  1.5  per  cent 

1  I  am  glad  to  learn  that  J,  THAUIIK  and  K.  KOHLMR,  obviously  without  know- 
ing my  views  (nee  1st  edition  of  this  book,  1912,  p.  49),  in  a  recent  publication, 
1915,  likewise  point  out  the*  significance  of  "the  variability  of  the  dispersing  gel 
by  suit  led  substances,"  inasmuch  an  dyes  producing  swelling  increase  permeability 
and  dyes  (tanning  shrinking  diminish  it .  I  do  not  consider  satisfactorily  established 
the  proof  of  swelling  and  the  shrinking  properties  on  irreversible  gvh  and  the  con- 
elusion  drawn  from  them  sinee  the  experiments  of  the  author  depend  only  on 
reversible  gelatin  gel. 

3  These  investigations  have  not  been  published  before. 

3  A  solution  of  collodion  in  glacial  acetic  acid. 
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and  0),  gelatinized  and  then  placed  in  running  water  until  every 
trace  of  acid  was  removed.  These  strips  were  then  placed  in  0.5 
per  cent  dye  solutions  for  10  minutes  and  then  washed  in  running 
water  until  the  wash  water  was  almost  entirely  colorless.  The  re- 
sults are  shown  in  the  table  on  page  429. 

It  follows  from  these  experiments  that  the  staining  is  more  intense, 
the  denser  the  stained  substance,  in  the  case  of  easily  diffusible 
dyes,  as  aurantia,  methylene  blue  and  crystal  violet.  Conversely, 
in  those  difficultly  diffusible,  as  chrome  violet  and  benzopurpurin,  the 
intensity  of  the  staining  diminishes  with  the  density.  Obviously,  the 
particles  of  the  dye  are  largely  colloidally  distributed  and  too  large 
to  penetrate  the  pores  of  the  filter.  In  between  there  are  substances 
of  medium  particle  size  in  which  ths  staining  of  the  different  samples 
does  not  vary  much  one  way  or  the  other,  as,  e.g.j  in  the  case  of 
alizarin,  janus  red,  bismarck  brown,  etc.  An  important  factor  in 
these  experiments  is  the  time  element,  as  may  be  seen  in  the  first 
column  (8  per  cent).  The  slower  a  dye  diffuses  the  longer  the  time 
that  must  elapse  for  it  to  penetrate  a  dense  tissue  and  the  slower  the 
color  constituents  that  are  not  firmly  bound  by  the  fibers  will  diffuse 
away. 

In  this  connection  experiments  of  E.  KNOEVENAGEL  *  and  of  0. 
EBERSTADT  *  are  of  interest;  they  tested  samples  of  acetyl  cellulose 
swollen  to  various  degrees,  for  their  capacity  to  take  up  methyl  ene- 
blue  solution  of  0.05  per  cent.  They  found  that  the  speed  of  ad- 
sorption was  approximately  proportionate  to  the  swelling,  so  that 
dyes  which  penetrated  greatly  swollen  acetyl  cellulose  in  a  few  min- 
utes required  months  in  the  case  of  acetyl  cellulose  that  was  not 
swollen. 

Elsewhere  we  have  discussed  whether  there  are  not  other  factors 
involved  besides  the  speed  of  diffusion  and  the  size  of  the  particles. 

The  methods  of  analysis  proposed  by  me,  which  have  not  as  yet 
been  applied  to  organized  tissues,  promise  fewer  results  in  micro- 
scopic preparations  and  microtome  sections  since  the  surfaces  to  be 
penetrated  are  so  thin  that  sufficient  differences  are  not  noticeable. 
However,  we  might  expect  new  information  in  the  case  of  coarse 
pieces  of  tissue  which  are  to  be  examined  after  they  are  sectioned. 

In  what  precedes,  the  discussion  of  the  dyeing  process  has  been 
studied  only  from  the  standpoint  of  the  chemist  and  the  physico- 
chemist.  Somewhat  independently  of  it  and  with  other  means  the 
same  discussion  will  be  carried  into  biology. 

The  dye  chemist  deals  with  the  coloring  of  a  few  fibers  of  almost 
constantly  the  same  constitution,  with  silk  and  wool,  which  dye 
easily  with  most  dyes,  and  with  cotton  and  related  fibers  which  are 
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stains  which  arise  from  the  interaction  of  two  chemical  substances 
with  the  formation  of  an  insoluble  precipitate.  R.  LiKSEGANG*6 
luas  called  attention  to  the  phenomena  involved  in  his  investigations 
of  (jWf/t's  stain.  If  a  piece  of  brain  is  placed  in  potassium  bichro- 
mate, and  after  it  is  completely  soaked  through,  it  is  then  immersed 
in  silver  nitrate*,  some  of  the  ganglion  cells  in  which  silver  chromate 
has  been  precipitated  are  stained  reddish  brown. 

The  interior  of  the  brain  substance  is  never  thoroughly  stained, 
notwithstanding  the  fact  that  potassium  bichromate  is  present  after 
the  first  process  and  silver  nitrate  after  the  silver  bath.  The  reason 
is  as  follows:  when  the  chromatizcd  portion  of  brain  is  placed  in  the 
silver  nitrate  solution,  silver  chromate  forms  in  the  outer  layers; 
the  potassium  bichromate  present  in  the  interior  diffuses  outward 
where  it  is  arrested  by  the  silver  so  that  the  interior  is  more  and  more 
depleted  of  chromate.  The  irregularities  in  the  GOLGI  staining  de- 
pend upon  similar  interferences  with  diffusion  and  nucleus  actions  of 
silver  ehromate,  on  account  of  which  only  a  portion  of  the  ganglion 
cells  are  stained.  After  staining  peripheral  nerves  with  GOLGI'S 
stein  we  obtain  stratifications  in  the  axis  cylinders  (PIIOMANN'S 
lines).  Those  have  been  shown  to  be  artifacts. 

The  Technic  of  Staining. 

We  distinguish  staining  en  wosae,  section  staining  and  vital  staining. 

In  Gaining  en  w«,m?  the*  entire  object  is  immersed  in  the  stain 
solution  subsequent  to  hardening.  If  this  is  soluble  in  alcohol,  it 
requires  no  special  precautions;  it  is  otherwise*  with  solutions  con- 
taining alum,  in  which  ease*,  alcohol  in  the  object  must  first  be  re- 
placed by  water. 

After  staining,  the  dye  is  washed  away  with  water  or  alcohol  until 
the  fluid  remains  colorless.  After  staining  in  aqueous  solution  the 
piece  must  he  rehardeneel  in  alcohol.  The*,  subsequent  treatment  is 
them  the*  name*  an  in  unstained  pie*ces. 

Hectian  staining  in  much  more*,  frequently  employed,  since  not  only 
details  are*  brought  out  better,  but  the  staining  can  he  watched  more 
closely  and  later  ewunter-HtaitiH  may  he  added  intermittently.  Ac- 
cording to  the*,  dilution  of  the*  stain  solution  and  the*,  length  of  time  the 
section  in  stained,  we  may  obtain  on  the*  one*,  hand  contrasting,  or  on 
the  other  finely  shaded  pictures  with  much  more  detail. 

Vital  xtaining,  the  staining  of  liviny  tissues,  was  introduced  by  P. 
Riutuew  and  wan  applied  by  this  investigator  in  his  classical  work 
on  "The  Oxygen  Requirements  of  the*.  Organism"  to  the  processes  of 
living  cells.  At  present  it  has  the  center  of  interest,  and  from  it  we 
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may  expect  most  valuable  discoveries  on  the  physiology  and  pathology 
of  living  tissue  as  well  as  concerning  the  mechanism  of  the  action  of 
drugs.  E.  GOLDMANN,  R.  HOBER  and  W.  SCHULEMAN  have  in  recent 
years  contributed  much  concerning  the  utilization  and  theory  of  vital 
staining.  They  studied  healthy  and  sick  animals,  whereas  KUSTER 
and  RUHLAND  applied  vital  staining  to  plants.  As  yet  vital  stain- 
ing of  bacteria  and  other  microorganisms  has  not  been  definitely 
attained  (EISENBERG).  The  stain  must  not  be  poisonous  or  the  cell 
will  die  before  it  has  the  desired  color.1  We  have  numerous  dyes  at 
present  which  fulfill  this  condition.  A  few  of  the  most  useful  are 
mentioned,  methylene  blue,  neutral  red,  toluidin  blue,  trypan  blue, 
trypan  red  and  isamin  blue.  The  studies  of  RUHLAND  on  plants,  as 
well  as  those  of  EVANS,  SCHULEMAN  and  WILBORN  on  animals,  indicate 
strongly  that  the  extent  of  dispersion  of  the  dye  chiefly  determines 
its  suitability  for  vital  staining,  so  that  the  cell  behaves  like  an  utra- 
filter  (see  p.  428).  A  dye  that  is  too  diffusible  distributes  itself  too 
readily  in  all  the  organs  and  is  accordingly  quickly  excreted  by  them; 
one  that  is  highly  colloidal  remains  at  the  site  of  injection.  The 
studies  of  RUHLAND  include  both  basic  and  acid  dyes  while  the 
experiments  of  EVANS,  SHULEMANN  and  WILBORN  were  only  with 
acid  dyes. 

It  was  formerly  believed  that  only  lipoid  soluble  dyes  penetrated 
living  tissues,  but  this  view  has  not  been  sustained  (see  also  GARMUS)  . 
Many  vital  stains  are  known  which  are  insoluble  in  fats.  The  col- 
loidal metals  are  included  among  these;  they  have  proven  useful 
agents  in  studying  "distribution"  in  J.  VOIGT'S  method  of  investiga- 
tion. This  does  not  by  any  means  imply  that  lipoid  insoluble  vital 
stains  may  not  be  especially  suitable  for  some  of  the  organs  which  are 
rich  in  lipoids.  Thus,  for  instance,  axis  cylinder  and  ganglion  cells 
of  the  nerve  substance  are  most  intensely  stained  by  methylene  blue. 
It  is  remarkable  that  the  cell  nucleus  which  stains  most  intensely 
with  basic  dyes  when  the  object  is  dead,  with  vital  staining  is  con- 
stantly colorless;  nuclear  staining  occurs  only  when  the  cell  dies. 

If  vital  stains  are  to  be  fixed,  i.e.,  made  insoluble,  ammonium 
molybdate,  sublimate,  picric  acid,  etc.,  are  employed. 

If  this  fixation  is  omitted,  the  dye  diffuses  away  after  death,  i.e., 
according  to  the  changed  condition  of  the  tissue,  physical  and 
chemical,  and  a  different  distribution  results* 

1  The  lack  of  toxicity  of  vital  stains  is  only  relative;  in  concentrated  solution 
they  are  all  poisons  and  may  be  used  only  in  extreme  dilutions.  Safranin  and 
methyl  violet,  especially,  are  quite  poisonous,  and  on  this  account  they  cannot 
be  employed  for  injections  into  the  higher  animals. 
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THE  TISSUE  ELEMENTS  IN  THEIR  RELATION  TO  FIXATIVES 

AND  DYES.  I 

With  iodin-potassium  iodid  solution,  starch  grains  give  a  blue 
adsorption  compound  (see  p.  135). 

Glycogen  forms  with  it  a  red  adsorption  compound.  The  stain 
with  strongly  alkaline  potassium  carmine  recently  recommended  by 
BEST  is  so  complicated  that  it  cannot  yet  be  interpreted. 

The  Lipoids. 

The  fixation  and  staining  of  lipoids  can  hardly  be  regarded  as 
other  than  a  colloid-chemical  question.  Fixation  is  generally  ac- 
complished with  osmic  acid  by  means  of  which  the  fat  is  simultane- 
ously blackened  and  the  acid  is  reduced  to  colloidal  metallic  osmium; 
similarly,  gold,  silver  and  palladium  "salts  are  reduced  to  the  colloidal 
metal.  Of  the  true  dyes,  we  must  especially  consider  those  which  are 
very  soluble  in  fat,  though  quite  indifferent  chemically,  and  which 
are  very  slightly  adsorbed  by  the  other  constituents  of  the  cell. 
Among  these  are  Scarlet  R  (fettponceau)  and  Sudan  III.  Both  are 
amphoteric  dyes  in  which  the  basic  as  well  as  the  acid  character  is  so 
indefinite  that  they  seem  quite  indifferent  and  do  not  form  salts  with 
aqueous  caustic  soda.  Employed  in  alcoholic  solution,  staining 
results. 

Protoplasm. 

We  may  attribute  to  protoplasm  chemical  properties  similar  to 
those  of  the  albumins.  Protoplasm  may  be  amphoteric,  on  which 
account  neither  acid  nor  basic  properties  become  more  prominent. 
Consequently,  protoplasm  stains  only  faintly  with  either  basic  or 
acid  dyes,  even  though  its  water  content  is  relatively  high. 

Nucleus. 

The  chief  constituents  of  the  cell  nucleus  are  the  nucleoproteins. 
These  are  strongly  acid  in  character;  to  them  may  be  attributed  the 
intense  staining  of  the  nucleus  with  basic  dyes,  and  to  them  the  in- 
tensely staining  constituent  of  the  nucleus  is  indebted  for  the  name 
chromatin  or  chromatic  substance  among  histologists.  The  union  with 
the  color  base  becomes  firmer  with  the  lapse  of  time,  since  in  the 
beginning  it  is  possible  to  effect  almost  complete  decolorization  with 
alcohol,  whereas  when  the  dye  acts  for  a  longer  period  the  nuclei 
retain  their  intense  staining  and  only  clouds  of  color  leave.  For 
nuclear  staining  any  basic  dye  may  be  employed;  safranin,  fuchsin, 
methyl  violet,  methyl  green  and  bismarck  brown  are  recommended 
most  highly. 
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Another  favorite  nuclear  staining  method  is  with  the  mordant  dyes, 
e.g.j  hematoxylin  or  carmine.  In  this  instance,  also,  the  acid  char- 
acter of  the  nuclear  proteins  explains  the  action  of  the  dyes.  The 
nuclear  proteins  adsorb  the  mordants,  usually  colloidal  aluminium 
hydroxid  (from  alum),  and  these  form  an  insoluble  compound  with 
the  acid  hematoxylin  or  one  of  its  oxidation  compounds,  or  with 
acid  carmine. 

Finally,  we  may  mention  the  double  staining  of  ROMANOWSKY, 
which  has  been  modified  by  G.  GIEMSA.  Its  underlying  principle 
is  that  a  basic  blue  dye  (liiethylene  azur  or  methylene  blue)  is  mixed 
with  an  acid  dye  eosin  (see  p.  426).  At  first  the  preparation  stains 
blue  in  the  mixture;  gradually  there  occurs  a  differentiation  into 
blue  and  red  elements  or  combination  violet  shades  whereby  the 
nuclei  become  red.  For  the  present,  all  interpretations  of  this  phe- 
nomenon are  quite  hypothetical;  it  presents  a  very  interesting  colloid- 
chemical  problem.  If  methylene  azur  and  eosin  are  mixed,  a  colloidal 
solution  of  eosin-acid-methylene  azur  forms,  provided  that  one  of  the 
two  dyes  is  present  in  excess.  Nuclear  staining  may  occur  in  such 
a  way  that  the  basic  methylene  azur  serves  as  mordant  for  the  eosin; 
it  is  also  possible  that  the  nuclei  stain  better  with  colloidal  eosin- 
acid-methylene  azur  than  with  crystalloidal  methylene  azur,  and  that  in 
a  reaction  which  requires  time  (possibly  hydrolytic  cleavage)  the  red 
color  base  of  methylene  azur  becomes  free.  In  this  double  staining 
there  enter  as  factors  phenomena  involving  the  colloidal  condition 
of  both  dye  and  specimen  with  respect  to  the  diffusibility  of  the  dye 
and  perhaps  also  other  circumstances  which  have  not  been  consid- 
ered here.  This  may  be  assumed  both  from  the  accurate  directions 
which  are  given  for  the  preparation  and  age  of  the  solution,  the 
thickness  of  the  preparation,  the  duration  of  staining,  etc.,  and 
from  the  fact  that  every  departure  from  the  directions  gives  a  dif- 
ferent result. 

Connective  Tissue,  Capillary  Walls,  Membranes,  Etc. 

From  the  numerous  reports  I  gather  that  only  easily  diffusible 
stains,  especially  the  sulphoacids  (acid  fuchsin,  soluble  blue  com- 
bined with  picric  acid),  are  suitable  for  this  purpose.  This  probably 
depends  upon  the  fact  that  connective  tissue,  etc.,  are  among  the 
tissues  poorest  in  water  and  least  swollen,  so  that  dyes  of  more  col- 
loidal character  are  unable  to  penetrate  them. 

For  the  staining  of  elastic  fibers,  which  is  best  performed  by  the 
orcein  method  of  P.  G.  UNNA  and  TAENZEK  or  by  WEIGEKT'S  method, 
we  have  no  explanation  whatever.  The  recent  investigations  of  the 
keratins  by  L.  GOLODETZ  and  P.  G.  UNNA  show  that  we  are  dealing 
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with  a  number  of  chemically  very  different  substances  (ovokeratin, 
neurokeratin,  elastin).  [VAN  GIBSON'S  stain  contains  picric  acid  and 
stains  elastin  specifically.  Tr.] 

The  Staining  of  Bacteria. 

Most  cocci  and  bacteria  have  a  definite  acid  character  evidenced 
by  the  fact  that  they  migrate  to  the  anode  in  the  electrical  current 
(see  p.  205). 

Though  they  usually'stain  intensely  with  basic  dyes  (f  uchsin,  meth- 
ylene  blue,  thionin,  etc.),  nevertheless  bacteria  exhibit  considerable 
differences  in  staining  capacity.  Though  all  cocci  with  which  I  am 
acquainted  stain  very  intensely,  some  bacteria,  e.g.,  paratyphoid  and 
bacilli  of  hog  erysipelas,  are  stained  more  faintly.  Spores  stain  with 
especial  difficulty,  the  more  poorly  the  older  they  are;  it  is  obvious 
that  the  solid  capsule  offers  great  resistance  to  the  penetration  of 
the  stain.  The  tubercle  bacillus  is  most  difficult  to  stain,  which  may 
be  attributed  chiefly  to  its  high  keratin  content,  inasmuch  as  other 
keratin-containing  substances  (bristles,  hair,  epidermis,  etc.)  stain 
just  as  poorly.  The  difficulty  in  staining  the  tubercle  bacillus  was 
formerly  attributed  to  the  wax  contained.  HELBIG,  however, 
showed  that  complete  removal  of  the  wax  did  not  increase  the  stain- 
ing capacity. 

GRAM'S  stain  is  quite  unique;  it  is  extensively  employed  for  the 
classification  of  bacteria  (we  distinguish  Gram-positive  and  Gram- 
negative).  It  is  performed  as  follows:  we  first  stain  with  methyl 
violet  or  some  related  basic  dye  and  then  subject  the  specimen  to  the 
action  of  iodin  (dissolved  in  KI).  After  this  treatment,  some  bac- 
teria readily  give  up  the  dye  to  alcohol  and  are  decolorized,  whereas 
others  firmly  retain  it.  In  the  latter  case,  a  firm  combination  has 
been  formed.  A  thorough  study  from  modern  points  of  view  would 
be  of  great  value,  since  it  would  explain  the  difference  in  the  nature 
of  the  two  groups  of  bacteria.  It  is  important  to  mention  that,  by 
GRAM'S  method,  a  differentiation  of  the  structure  of  individual  bac- 
teria may  be  revealed.  The  so-called  BABE'S  corpuscles  are  not  de- 
colorized by  a  brief  action  of  alcohol.  Upon  this  fact  depends  M. 
NEISSER'S  method  for  identifying  diphtheria  bacilli. 

We  have  as  yet  little  insight  into  the  actual  basis  of  differentiation 
by  GRAM'S  stain.  It  has  actually  only  been  established  that  GRAM 
positive  bacteria  show  a  greater  permeability  for  dies,  stain  more 
quickly  and  intensely  and  retain  the  dye  more  strongly  upon  de- 
colorization  with  alcohol.  Probably  the  only  purpose  of  the  treat- 
ment with  iodin  is  to  increase  the  size  of  the  dye  molecule  or  increase 
its  fixation  by  the  bacillus  (EISENBERG). 
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Absorption,  !U(> 

alimentary,  HI  7 

of  exudates,  U23 
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mechanism  of,  1120,  «"i22 

parent-end,  H2I$ 

percutaneous,  ,124 

of  water  and  crystalloids,  31H 
Acetic  acid,  422 
Acids,  us  iixativeH,  421 
Acid,  poisoning  with,  «'IOl  310 
Adjective  dyeing,  -CM 
Adsorption,  19,  21,  22,  8-1,  109 

abnormal,  27 

afttnitive  curves,  25 

apparatus  !  12 

arMenioiiM  a,cid  in  iron  hydroxid  gel 

change  induced  by,  100 

detergents,  2H 

determination  of  electric  charge 
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and  disinfectant  action,  MOH,  ,100, 

of  dyes,  25 

dyeing,  27 

effect    of  on   membrane**    (HW 
teinH),  5K 

of  enxymcw,  1K/5 

equilibrium,  27  -HI 

gan  exchange,  Ji(H> 

infht«*nee  of,  in  hemoglobin,  .'105, 

graphic  of,  24 

in  mienwcopie  nf-aining,  425 

and  immunity  reactions,  1UH 

influence  of    chemical 
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mechanical,  20 

of  nan-otics^  MK9 
IU  24 
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400 
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negative,  Mimulation  of,  27 


Adsorption,  sal  unit  ion,  26 

selective,  J12 

specific,  I  OS 

by  »tareht»s,  K15 

tluTapy,  .'Jfitt,  «'/  «rr/. 

by  ultraiiltcTH,  101 

and  urine*  s<*er<'t-ion,  «i'!7 
Age,  influence  of,  f»5 

in(luenc.e  of,  on  meat,  \i\\\  ti  ,scr/. 
Agglutinin,  HM,  h).r>,  201,  202 
Albumins,  140 

acid,  152 

alkali,  153 

amphotortc,  154 

eoellicicnt  of  di(T\iston  of,  1  l<» 

electrolyte  free,  147,  15«» 

inthtenee  of  inorganic  hydrosols 

I5U 
Albumin,  in  milk,  JMi) 

as  sols,  147 
Albumiiutids,  UU 
Albtunoses,  UH» 
Alcohol,  us  (ixative,  42H 

effect  on  colloids  after  ingest  ion, 
AlcohoIiHtn,  H24,  .'125 
Ahnninium,  1JS2,  .'IS.'I 
AmUieeptor,  ll»5  200,  201,  2CH1 
Amelia,  phagoi»ytosis  by,  2H5 

migration  of,  2K4 
Anesthetics,  MS5 
Anaphylatoxin,  20!l 
AnaphylaxtN,  2t)li 

and  heavy  metals,  liSVS 
Anton  and  cation  inilu(*net\  ta)»l<*, 

purgative  action  of,  412 
Antagonism  of  diuretic.*  and  twireti 

411 
Antagonism  of  tons,  H2 

of  saltn  phyNittlogiea!,  t!7*J 
Antibodies,  HI5  11)7 
Anti-enscymcN,  UH 
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Anthrax,  disinfectant  action  on,  396, 
397 

inhibition  of,  growth  of,  407,  408 
Artefacts,  264 
Assimilation,  245 
Astringents,  414 

action  of,  383 
Avogadro's  law,  43 

Bacterial  staining,  435 
Balneology,  414 
Beer,  179 

cloudiness  of,  180 

fermentation  of,  181 

protective  colloids  of,  181 
Bile,  330 
Bio-colloids,  129 
Biological  determination  of  adsorption 

in  disinfective,  399 
Blood,  299 

reaction  of,  301 

corpuscles,  204,  244 

corpuscles,  303 

corpuscles,  composition  of,  304 

corpuscles,    influence    on   viscosity, 
314-315 

corpuscles,     hemolysis      (see     also 
Wasserman   reaction),   244 

corpuscles,  osmotic  pressure  of,  304 

corpuscles,  structure  of,  305 
Blotting    paper,    disinfectant    testing 

with,  408 
Boyle's  law,  51 
Bread,  177 

action  of  hemaglobin  in,  308  et  seq. 

gluten  restoration  of,  177 

staleness  of,  178 

war,  178 

Bromin,  therapeutic  action  of,  381 
Bronchial  glands,  328 
Brownian  Zsigmondy  movement,  4&- 

53 

Bubble  method,  of  examining  milk,  173 
Buffer  substances  of  blood,  300 
Butter,  175-346 

Calcium,  action  of,  298A,  379-381 
compounds,  colloidal  preparations  of, 

381 

condition  of,  in  serum,  302 
ion,  influence  on  phagocytosis,  287 


Calcium,  phosphate,  condition  of,  in 
milk,  349 

utilization,  325,  361 
Calculi,  urinary,  343 
Carbohydrates,  133 
Carrel-Dakin  disinfection,  405 
Casein,  163,  348 
Cations  as  diuretics,  409 
Casts,  urinary,  344 

Carbon  dioxid,  influence   of,  on   urine 
excretion,  333 

solubility  in  blood,  309,  310 
Catalysers,  31,  183 
Catalysis,  81 
Cell,  276 

membrane,  279  et  seq. 

structure  of,  276 

cerebrospinal  fluid,  354 
Cheese,  176 
Chemical    attraction    of   precipitates, 

260 
Chemical  combination,  19,  22 

determination  of  adsorption  in  dis- 
infection, 398 

theory  of  dyeing,  425,  426 
Chemotaxis,  286 
Chloroform  poisoning,  delayed,  389 

distribution  of,  in  disinfection,  398 
Cholesterin,  87,  140,  141 
Chromic  acid,  421 
Circulation,  of  crystalloids,  235,'  238 

colloids,  239 

of  gases,  235 

of  material,  235 

of  water  (see  also  swelling),  236  et  seq. 
Clotting  of  blood,  300 
Cloudy  swelling,  228 
Coagulation,  82,  114,  142,  149 

of  blood,  effect  of  gelatin  on,  365 

chemical,  143,  149 

fractional,  82 

by  freezing,  144 

by  heat,  142,  151 

irreversible,  143 

by  light,  144 
Co-enzymes,  191 
Collagen,  161 
Colloidal  protection,  in  milk,  349 

in  urine,  343 
Colloids,  aging  of,  72,  74 

artificial,  5 
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Colloids,  crystallization  of,  71 
color  of,  5,  7 
consiHteney  of,  04 
death  of,  7,1 
definition  of,  ,1 

dynamic  balance  in  organism,  IJDS 
electrolytes,  40 
electrical  properties  of,  77 
electrical  production  of,  4 
hydrate*,  HO 
hydrophilc,  9 
hydrophobe,  1) 

im|K>rtancc  in  body,  120  H  M/. 
intravenous  action  of,  »{05 
life  curve  of,  72  r/  ,\-a/. 
mechanical  production  of,  4 
migration  of,  84,  S-0- 
optical  proper  ticH  of,  75 
part  iclc  si/,e,  7 

pharmaceutical  action  of,  «I02 
protective,  7,  11,  HO,  77,  Si»,  IHlt  20M, 
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and   tiriite 
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antimony,  377 
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mercury,  .17*1 
phosphorus,  *I77 
m<*tatHt  therajMHttie  HHC  of,  *IU5 
Kilver,  .'MM 

«ilvei»  distrihutitm  of,  ,fJ7.'t 
nilver,  eOVct  on  titood,  »I7I 
mlvc*r,  eflert  tm  tenipernture,  ,1711 
wlvt*r,  thera|M*titic.H  of,  .174 
wlver,  in  infections,  It7tf 
silver,  in  pnetmionia»  H75 
wilver,  in  wotmdn,  Mill! 
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;  state  of  tissues,  415 
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Omceittrntion,  hy  uhsorptii»«f  27 


tiori  hy  nerven,  M54 


Oooperatiou  of  drugH,  3(>1 
(Veam,  175,  340 

artificial,  I7f> 

sophistication  of,  17f» 
Clritical  narcotic  concent.  ration,  JIH5 
tVyos(»npy,  ,"141 
(Crystals,  forcc^  producing,  17 

Dehydrating  action  of  purgatives,  414 
Deliydration  (»f  food,  109 


e^H  insipidus,  .141 
Dialysis,  collodin  sac,  91 

metluMls,  S9  ti  «c</. 
DiapiiragtiiH,  charge  of,  78 
Diarrhea,  ,121,  ,TJ.l 

treatment  of,  ,104 
Diffusion,  HKI  <7  wr/, 

apparatus,  l(Kr>,  HMI 

ctM'llieient  of,  4.r>,  ">2,  UK) 

influence  of  adsorption  upon,  55 

influence  of  substances  on,  55 

in  jellies,  54 

relation  to  dyeing,  4'JH 

of  protein,  14(1 

Digobtihiltty  of  milk,  ;U9t  ,150 
Digitalis,  411 

Disinfectants  and  dissociation,  402 
Disinfectant  action  «if  cres<il,  ,190 

action  of  I!  ami  OH  ions,  394 

action  of  phenyl  group  and  halogen*, 
.19  1 

action  of  sulpho  grottps,  .194 

and  adsorptive  cnpacity,  .194,  .195, 
:«MJ,  ,lil7 

acti»m  of  chloroform,  «19S 

action  and  dilution,  M90 

and  death,  «!9<i 

itiul  inhibition,  H90 

of  Hpectfic  elinracter,  .104 

salts  of  heavy  metals,  ,194 
Disinfectants,  testing  01,  405,  4(M 
DtMttifeetion,  ^50 

definition  «»f,  M91 

<if  the  ^kin,  .105 

mechanism  of,  M91 

and  jH'rmeability,  40'J 

ttad  surface*  teimion,  110  1 
DtM|tcrrtcd  pliase,  i«ei«  Phase)  5,  11,   12 
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Dissimilation,  influence  of  enzymes,  250 
Dissociation  and  disinfection,  402 
Distribution,  20,  22,  31  et  seq. 

of  disinfectant,  398,  399 

of   disinfectant    on   microorganism, 
393 

Henry's  law,  20 

in  toxicology,  360 
Diuretics,  409 
Diuretic  action  of  chloral  caffeine,  362 

of  caffeine,  411 

of  salts  administered  intravenously, 
410 

of  theobromin,  411 

of  urea,  411 
Double  staining,  434 
Drugs,  influence  of,  on  kidneys,  338 
Dyeing  (see  Staining),  200-206,  407 

Eczema,  234 

Edema,  223  et  seq.,  377 

controversy  concerning,  229  et  seq. 

of  the  brain,  231,  352 

treatment  of,  339 
Elastic  fibers,  434 
Electric  charge,  enzymes,  187 

migration,  118 

migration,  apparatus  for  study  of, 

118 

Electrodes — nonpolarizable,  119 
Electro-endosmosis,  78 
Electrolyte  (see  also  Salt) 
Electrolytes,  149 

influence  of,  on  viscosity  of  gelatin, 

162 

Emulsion,  definition  of,  5 
Emulsions,  formation  of,  140 
Enzymes,  182 

adsorption  analysis  of,  185 

aging  of,  188 

colloidal  nature  of,  183 

diffusion  coefficient  of,  190 

electric  charge  of,  187 

inactivation  of,  189 

purification,  187 

specification  of,  188 

synthesis  by,  188 

ultrafiltration  of,  190 
Equilibrium,  341 

emulsion,  38 

irreversible,  28 


Equilibrium,  reversible,  28 

study  of  by  ultrafiltration,  102 
Erythrocytes     (see   Blood   corpuscles, 

volume  of),  307 
Excretion,  326 
Exudate,  223 

Fatty  degeneration,  nature  of,  377 
Fats,  deposition  of,  246 

resorption  of,  246 
Fibrin,  160 
Flocculation,  S3,  86,  117 

vs.  salting  out,  83,  87 
Flour,  176 
Foods,  168 
Ferric  hydroxid,  negative  colloid,  384 

positive  colloid,  384 
Ferric  oxid  as  arsenic  antidote,  385 

intravenous  injection  of,  384 

negative,  384 

positive,  384 
Fixatives,  420 
Fixing  and  hardening  of  tissues,  419, 

420 

Formaldehyde,  distribution  of,  in  dis- 
infection, 398 

as  fixative,  423 
Freezing,  216 
Freezing-point  depression,  in  milk,  340 

in  urine,  351 
Friction  internal  (see  Viscosity),  64 

Gas  exchange  (see  Respiration) 
Gastric  juice,  329 
Gay-Lussac's  Law,  51 
Gel,  definition  of,  4,  8 

elastic,  66 

freezing  and  thawing  of,  66 
Gelatin,  161 
Gelatinization,  161  et  seq. 

time  of  for  agar,  138 
Gibbs'  Theorem,  25 
Glaciation,  216 
Gland,  326 
Glaucoma,  227 
Globulins,  158 

artificial,  159 
Gold  figure,  85 
Glycogen,  staining  of,  433 
Golgi's  stain,  mechanism  of,  431 
Gout,  148 
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Gram's  stain,  30,  435 
Growth,  252 

biological,  with  shrinking,  205 
Growth  of  plants,  207 

influence  of  chemical  reaction,  267 

Hardening,  histological,  42-1 

Heavy  metals  and  sails  of,  1,57 

Heavy  metals,  as  :  natives,  421 

Heavy  metal  specificity,  383 

Hematin,  105 

Hemoglobin,  104 
function    of,    309    (see    also    Blood 

corpuscles,  resj >iration) 
synthetic,  3Sf> 

Ilemolysis,  305,  300 
induced  by  colloids,  371 

Hernolysins,  190,  200 

Honey,  170 

11  ion  concentration  in  blood,  302 
influence  upon  circulation,  314 
influence  upon  erythroeytes,  312 
influence  of  C.X>a  upon,  311 

Histone,  100 

Hydremia,  311 

Hydrosol,  1 1 

Immune  substances,  201 

Immunity  reactions  (see  also  Preeipi- 

tin),  193  <•{.  m/. 
Inactivation,  by  shaking,  34 
Inflammation,  232 
Inhibition,  354 

zones  or  irregular  series,  84,  118,  140 
Instant  values,  51 
Interferometer,  120 
Interface  (see  Surface) 
Interface,  14 
Internal  friction,  1 13 

of  albumin,  152 

of  globulin,  159 

of  gums,  137 

Intestinal  inflammation,  322. 
Intestinal  secretion,  330 
Inulin,  133,  210 

lodin,  therapeutic  action  of,  380 
Iron,  astringent  action,  3S3 

as  arsenic  antidote,  384 

action  of  colloidal,  383 

colloidal  preparations,  value  of,  383, 
384 


Iron,  mechanism  in  hemostasin,  384 
intravenous  injection  of,  384 
oral  administration  of,  384 
pharmacological  action  of,  383 

Irregular  series,  157,  203 

Irritability  of  nerves,  353 

Isoeleetrie  /one,  77,  84,  101 
point  for  casein,  104 
hemoglobin,  105 

Jellies,  structure  of,  9 

Keratins,  103 
Kinetic,  theory,  50 

Lanolin,  composition  of,  410 

properties  of,  4  10 
Layered  structures,  201  el  ucq. 
Lecithin,  87,  139,  140 

precipitation  of  magnesium  salts,  388 
Liesegang's  rings,  203 
Lipoids,  definition  of,  139 

reaction  with  narcotics,  389 

staining  of,  433 

Local  anesthetics,  mechanism  of,  381) 
Lymph,  303 
Lyofropic  series,  140 
Lyolropism,  definition,  SI 

Maceration  for  microscopic,  study,  419 
Magnesium  sulphate,  purgative  action 

of,  413 

Margarine.,  175 
Mass  staining,  431 
Meat,  109 

boiling,  172 

cold  storage,  109 

preserving,  172 
Meiostagmin  reaction,  211 
Mdtinp;  temperature,  114,  138,  101 
Membrane,  definition  of,  50 

formation  of,  50 

growth,  57 

self  regulation,  58 

semipenneable,  57,  230 

and  crystalloids,  58 

equilibria,  59 

hydrolysis,  59 

and  substances  interchange,  239 
Membranes,  influence  on  substance!  in- 
terchange, 239 
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ric  chlorid  poisoning,  143 
ry  poisoning,  383 
3,  as  disinfectant,  400 
aorphosis,  252 

Drganisms,   influence  of  suspen- 
ons  on  growth,  393 
scopic  technic,  417 
adulteration  of,  174 
Dids  of,  174,  349 
iensed,  174 

s  and  woman's,  349,  351 
id,  351 

1  accessories  of  McCollum,  351 
zing  point  depression  of,  351 
logenized,  346,  348 
and  boiled,  350 
ace  pellicles  in,  346 
L  formation  in,  350 
afiltration  of,  350 
amicroscopy  of,  349 
:osity  of,  173,  348 
ing  of,  174 
mination  of,  173 
afiltration  of,  174 
jule,  42 

:ular,  movement,  50 
?ht,  42  et  seq. 
ants,  431,  434 
ment  of  organisms,  282 
in,  160 

is  and  mucoids,  165 
Le,  289  et  seq. 
nence  of  Ca  on,  298a 
Les,  influence  of  drugs  on,  298a 
uence  of  lactic  acid  on,  298 
:tric  phenomena  of,  294 
gue,  291 

ction,  292,  296,  298 
uence  of  electrolytes  on,  294 
uence  of  phosphates  on,  298a 
rking  model  of,  296 

>sis,  distribution  of  narcotic,  388 

1  oxygen  absorption,  388 

1  respiration,  388 

1  change  in  turgor,  387 

Dtics,  385 

ion  and  electric  conductivity,  386 

ion  and  inhibition  of  hemolysis, 

$86 


Narcotics,  action  of,  on  permeation  of 

electrolytes,  389 

effect  of,  on  plasma  pellicle,  389 
lipoid  solution  theory,  385 
Meyer-Overton  theory,  385 

Narcotics,  toxic  action  of,  390 
and  disturbance  of  oxidation,  390 
action  on  catalase,  390 

Narcotic  action  and  inhibition  of  fer- 
ment action,  386 
and  inhibition  of  oxidation,  386 
action  and  lipoid  solubility,  386 
action  of  magnesium  salts,  386,  388 
action  and  protein  precipitation,  386 
action  and  plasma  pellicle,  386 
action  and  surface  tension,  386 

Nephelometer,  120 

Nephritis,  338 

Nerves,  352 

Neurobiotaxis,  261 

Neutral  salts  toxic  action,  379 

Nucleins,  160 

Nucleo  albumins,  163 

Nucleus,  267,  279 
staining  of,  433 

Organism,  circulation  of,  23 

as  colloid,  213 
Optical  methods,  119 

rotation,  156 
Osmic  acid,  421 

Osmotic  compensation  method,  applied 
to  milk,  348 

growths,  250 

pressure,  measurement  of,  43,  51, 131 

instruments,  106 

compensation  method,  107 

measurements  of  starches,  135 
Ossification,  268 

theories  of,  269 
Oxygen  and  air  as  disinfectants,  399 

Pancreatic  juice,  330 
Parthenogenesis,  245 
Particle  size  (see  also  Proteins),  41 
Pellicle,  plasma,  nature  of,  240  et  seq. 

of  blood  corpuscles,  301 
Peptisation,  84 

Permeability,  of  cell  membrane,  242, 
243 

chemical  regulation  of,  244 
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Permeability,  lethal  change  of,  245 

photo  regulation  of,  245 

selective,  63 
Peptones,  166 
Phagocytosis,  285,  287  et  seq. 

induced  by  colloidal  silver,  372 

influence  of  cation,  287 
Phase,  definition  of,  5 

influence  of  serum,  288 
Phenol,  distribution  of,  in  disinfection, 

398 

Photodromy,"  76 
Picric  acid,  422 

after  vital  staining,  422 
Plasma,  299 
Plasma  pellicle,  effect  of  narcotics  on, 

389 
Plasmolysis,   of    aspergillus    cells    (see 

also  Hemolysis),  241,  243 
Poisons,  360 

Powders,  therapeutic  effect  of,  364 
Precipitation,  80  et  seq.,  157  (see  also 
Coagulation) 

by  alcohol,  152 

influence  of  electrolytes,  163 

irreversible,  87 

of  gelatin,  162 

zones,  157 
Precipitin  reaction,  56 

(see  also  Immunity  reaction,  201, 202) 
Pro-enzymes,  191 
Protamine,  160 
Protection,  preferential,  371 
Protective  ferment,  210 
Proteins,  142 

adsorption  phenomena,  145  et  seq. 

crystallization  of,  144 

ultrafiltration  of,  146 

ultramicroscopic  studies  of,  144 
Proteoses,  167 
Protoplasm,  277  et  seq. 

death  of,  279 

staining  of,  433 
Pulsation,  influence  of,  on  secretion, 

327,  332 
Purgatives,  409 

mechanism  of,  412 
Pyrosol,  11 

Radioactivity,  therapeutic  action,  415 
Radioactive  substances,  87 


Regulation,  automatic  of  cell  metab- 
olism, 244 

Respiration  (see  Gas  exchange) 
Rhythmic  phenomena,  263 
Ricin,  204 
Rigor  Mortis,  291 

Saccharo-colloids,  133 

Saliva,  328 

Salts,  concentration  of  in  intestines,  412 

Salt,  distribution  of,  233 

Salting  out,  80 

Saponin,  34 

Salts  as  fixative,  422 

therapeutic  and  toxic  action  of,  378 
Salves,  mechanism  of,  416 
Secretion,  315  et  seq. 
Section  staining,  431 
Separation,  by  shaking  out  the  foam,  35 
Serum,  content  of  globulin,  159 

influence  of  on  solubility  of  salts,  302 

surface  tension  of,  303 
Shrinking,  65 

Silicic  acid  jelly,  size  of  pores,  10 
Silk  threads,  disinfectant  testing  with, 

406 
Silver  nitrate,  disinfectant  action  of, 

398 

Size,  therapeutic,  use  of,  365 
Skin  disinfection,  404 
Soap  as  a  disinfectant,  404 
Sol,  definition  of,  3 
Solidification  temperature,  114,  161 
Solubility,  influence  of  gelatin  on,  161 

selective,  63 

Solutions,  homogeneous,  6,  19 
Specific  action  of  disinfectants,  401,  402 
Specific  chemical  action  of  disinfectant, 

401 

Spongin,  163 
Staining,  424 

bacterial,  435 

double,  434 

method  of,  431  et  seq. 

technic  of,  431 

theory  of,  424  et  seq. 
Starch,  133 

agar,  136 

cellulose,  138 

crystallizable,  135 

glucosides,  136 
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Starch,   granules,  relation  to  mineral 
content,  134 

gums,  130 

soluble,  134 

paste,  134,  135 

molecule,  size  of,  135 
Structures,  genesis  of,  259 

osmotic,  253  ct  xeq. 
Surface,  development  of,  13 

phenomena  of,  11 

pellicles,  in  milk,  346 

'tension,  2<S7 

tension,  and  disinfection,  301 

tension,  measurement  of,  108 

tension,  and  muscular  action,  296 

tension,  by  ultrafiltration,  10 
Surface  tension,  14,  81 

in  common  things,  34 

skins,  33 

of  solids,  18 

in  stains,  34 

in  milk,  173 

Suspension,  definition  of,  5 
Sweat  glands,  345 
Swelling,  65,  100,  173 

influence  ci  electrolytes  on,  07  ct  we/,, 
222 

and  intestinal  absorption,  320 

of  gelatin,  161 

of  organs,  217 

measurements  of,  114 

pressure,  00,  115 

range,  217,  210 

ratio,  217 

Threshold  "electrolyte,"  83,  118 
Tissue  behavior  with  dyes  and  fixa- 
tives, 433 

growth  in  vitro,  240 
Tropisrns,  283 
Toxin-antitoxin,  31 
Tropisrns,  explanation  of,  283 
Turgor  and  irritability,  387 
Tyndall  phenomenon,  75 

Ultracentrifugation,  0,  42 
Ultrafilter,  theory  of  dyeing,  427 

theory  of  plasma  pellicle,  241 
Ultrafiltration,  0,  10,  42,  58 

absorption  in,  101 

applications  of,  102 


Ultratiltmtion,  gauginjc  of,  !M> 
methods  of,  and  uppttratus, 
of  uihumosex,  HW 
of  eerohrospin.'il  fluid,  «'t*ii 
of  enzymes,  MHI 
of  milk,  174 
of  proteins,  I  -I  I 
of  viruses,  JUKI 
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influence  on  diffusion,  *V> 
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